


Ss Co = O™ 


LS 
rs 
pf, 
ee 


1g 
ng 
to 


Jo 


ge 


isel 
red 
ntl 


ark, 


” 
es. 


can 
g to 
tter, 


ol. 7 








METALS 
AND 


ALLOY$ 


H. W. Gillett, Editorial Director 
Battelle Memorial Institute, 
Columbus, Ohio 


Edwin F. Cone, Editor 








Richard Rimbach, Consulting Editor 
1117 Wolfendale St., Pittsburgh, Pa. 


EDITORIAL ADVISORY BOARD 


(1. A. ANDERSON 
Western Electric Company 


ILLIAM BLUM 
Bureau of Standards 


L. BorGEHOLD 
General Motors Corporation 


H. Brace 
Westinghouse Electric & Mfg. Co. 


A. Buti 
Consultant on Steel Castings 


H. CLAMER 
Ajax Metal Company 


nius D. Epwarps 
Aluminum Company of America 


W. ELLIs 


Ontario Research Foundation 


. J. FrRencH 
International Nickel Company, Inc. 


L. Hoyt 
A. O. Smith Corporation 
|. B. JoHNson 
Wright Field Air Corps, War Dept. 


HN JOHNSTON 
United States Steel Corporation 


JAMES T. MACKENZIE 
American Cast Iron Pipe Company 


C. A. McCune 


R. F. Menu 
Metals Research Laboratory, C.I.7. 


W. B. Price 


Scovill Manufacturing Company 


Leo F. REmINARTzZ 
American Rolling Mill Company 


H. A. ScHWARTZz 
Nat’l. Malleable & Steel Castings Co. 


F. N. Speer 


Magnaflux Corporation 


National Tube Company 


Jerome Strauss 
Vanadium Corporation of America 


Published Monthly by REINHOLD PUB- 
LISHING CORPORATION, East Strouds- 
burg, Pa., U.S.A. Ralph Reinhold, President 
and Treasurer; H. Burton Lowe, Vice 
President and Secretary; Philip H. Hubbard, 
Vice President; Francis M. Turner, Vice 
President. Executive and Editorial Offices, 
330 West 42nd Street, New York. Price 
10 cents a copy. Annual Subscription: U. S. 
ews $3.00. All Other Countries, 
—, (Remit by New York Draft). 
opyright, 1936, by Reinhold Publishing 
Corporation, Ali rights reserved. 


Volume 7 Number 9 


The Magazine of 
Metallurgical Engineering 


PRODUCTION 


TREATMENT APPLICATION 


ARTICLES 


Metallurgical Needs of the Glass Industry—| 
R. D. Smith 


A Self-Recording Apparatus For Thermal Analyses 
R. L. Wilcox and J. R. Bossard 


The Production of Iron in Norway 


Herman Christiansen 


Silver-Indium Alloys—Notes on the Aging of Silver- 
Rich Ones 


Tracy C. Jarrett 


Unusual Dendrites in Sheet Steel 
Alfred Boyles and M. L. Samuels 


Beryllium and Its Alloys—II| 
Jack Delmonte 


a a tk glk 4 Wack Ge eh ak aw Oe MA 
Steel Engineers Hold Convention ............0000 cece uees A 
eink whe cw 9 wee O06 Cie bod 6 UM eee do A 
i he. Ss wae len-. atte Sp Ge @ aisle e's oo 6-6 A 
ele a ie elk te Cee ST Cul ig AMD deieed bee's A 
EEE es | ee pe er MA 
I Sin iho 0 sain ep wba sae Re whe ates ne 6 5 MA 
OR EO ss a's kon ere PRs Dwi ola ewe MA 
CURRENT METALLURGICAL ABSTRACTS 

BL IS USE a MA 
i sh oii Mins £un BS 4s ive 66a 0s bas 6 ce 6 MA 
ee ek ead ae eb oteee «teases. MA 
WEL. 6 ate dre o> 0 b's 056 Rae eA 8 ks 8 doie.b 's SUR ae be wan MA 
I ED 5 in lig 5: GURene ei tad d's) @-gena 04% 6 0's ..MA 
Parveen, Geemeeeise Ol Pash i oc cd bees 6 OS bee's cv cee wae MA 
I tS 6 fn A sm inst. eel be 0 'psd Sie es MD ose aS Ge ...MA 
Mime tk Ua eke abs veka his LOL CE eee ew MA 
| NT APL TERRES ULE CEMLUOR CE Pre Peer MA 
I > 5s G3 has eek so Svs WEEE Rs os Wile eee se ead MA 
se RR ER eee ee MA 
Effect of Temperature on Metals and Alloys ................ MA 
STE ere. RR SS ee ee MA 
Application oF Weetels Oh AbNOY6. 6coivsicicé nes cs iencesccvuun MA 
ONO LS rae ex.s bos SRM s COR s 40S ROR Tb whe sb a0 ort Os MA 


September, 1936 


FABRICATION 


217 


22) 


225 


232 


239 


476 


— 0 


NN = 


N 
VI 


476 
477 
479 


438 
438 
439 
443 
445 
447 
449 
453 
456 
458 
462 
468 
469 
472 
473 








September, 1936—MET ALS & ALLOYS 


A 17 








"a al x Salina il imate a 6 Ee ie Ste ee es 


& 














Instantaneous actio: 


has proved its value i: 


TAG Pyrometer Controlle: 


INCREASED SALES BASED ON SUPERIOR PERFORMANCE. 


BECAUSE OF THESE EXCLUSIVE FEATURES: 


Instantaneous action at control point. P 
Highest sensitivity. P 
No metal pointer; a beam of light instead. 

Calibrated accuracy 0.1% of full scale. 





TAG PYROMETER CONTROLLERS ARE AVAILABLE IN: 


2- and 3-Position Indicating Controllers; 2- and 3-Position 
Recorder-Controllers; Non-hunting, Non-drifting Recorder- 
Controllers; Multiple Point Recorders; Indicators; Resistance 
Thermometers; Switches; Thermocouples and Accessories. 


If you do not see these instruments at the TAG Booth at the [ron & Steel Exposition, 
be sure and get your copy of the new TAG Pyrometer Catalog No. 1101-78. 


SEE THEM AT BOOTH NO. 38-39 


Visit Booth No. 38-39 at the Iron & Steel Exposi- 
tion at Detroit and see what simple design and 
sensational performance mean in the complete 
array of TAG Pyrometer Controllers. 
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lron and Steel Engineers 
to Hold 
Convention and Exposition 


in 





7 G. R. Bennett | Detroit 


J. A. Clauss 





President General Chairman 
HE Association of Iron and Steel Engineers, formerly 
the Association of Iron and Steel Electrical Engineers, 
will hold its 32nd convention and exposition in Detroit, 
Sept. 22 to 25. The headquarters will be the Statler Hotel 
where the technical sessions will be held. The iron and steel 
exposition will be housed in Detroit’s Convention Hall on 
Cass Avenue and will be open each day until 10:00 p.m. 
About 150 exhibitors have booked space. 
An interesting technical program of about 30 papers has 
been scheduled, interspersed with trips to steel plants and 
some social affairs. The annual business meeting will be held 
at 9:15 a.m., Sept. 22. The tentative technical program is as 
follows: 
“Lubrication of Steel Mill Equipment,’’ by C. J. Klein, chief engi 
Vv Tuesday, Sept. 22 neer, Weirton Steel Co., Weirton, W. Va. 
pi i : . P - “Some Ideas in Lubrication,’’ by Arthur W. Burwell, technical direc- 
“D ents in the Iron and Steel Industry During 1935-1936,’’ by tor, Alox Corp., Niagara Falls, N. Y. 
W. r, electrical and mechanical superintendent, Lukens Steel 
a, ville, Pa, -_ =m ow : ; ' 
a Sheets for Today’s Motor Car—Mechanical and _ Electrical MECHANK AL, ELECTRICAL AND LUBRICATION 
Prob f Fabrication,” by Thomas P. Archer, vice president in ENGINEERING DIVISION 
charg perations, Fisher Body Co., Detroit, and R. A. Geuder, 7 ern 
elect ineer, Reliance Electric & Engineering Co., Cleveland. oo P ' Sy 
“D ents in the Flat Rolled Steel Industry During 1935-1936,” “Developments in Rolling Mills at the Ford Motor ( .,” by M. Stone 
yy St sadlam, consulting engineering, Pittsburgh. engineer, United Engineering & Foundry Co., Pittsburgh 
ira ind Present Economic Trend of the Automobile Business,”’ 
oy XL. Vilson, vice president, General Motors Corp., Detroit. COMBUSTION ENGINEERING DIVISION 
Aftei ‘ 
ah ; Morning: 
al el he J ive ies,”’ *. Fairless, presi- ‘ . . ; ie —_" 
dent. ( Ry Fs Fic rae wena har by B. F. Fairless, presi _“Automatic Control in Open-Hearth Furnaces,” by A. F. Spitzglass, 
“M Handling Facilities for Hot and Cold Strip Mills,” by Fred ae - a ola in. Beene. A'msler- Mort ( 
M. G ssistant general superintendent, Inland Steel Co., Indiana Le oe ee es ae ice, vice president, Amsler-Morton Co., 
Harbo > ‘ ’ "s Pittsburgh. 
“Et Su : “ie ae hare “The Tre i *fractories Application i Steel Plant,” by A. V 
E] | Applications in Continuous Hot Strip Mills,” by L.- A. Ihe Trend in Refractories Application in the ; 
Umans! ndustrial engineering department, General Electric Co., Leun, refractory engineer, Bethlehem Steel Co., Bethlehem, Pa. ; 
Scheneciad  ¥ : ’ 7 ' Recuperators for Continuous Slab Heating Furnaces,” by W. H. 
“On ration of Runout Tables, Coiler Drives and Adjustable Speed Fitch, manager, recuperator department, Carborundum Co., Perth Am- 
Frequer Sets Interpreted Through the Oscillograph,” by F. E. Harrell, inde F 
Rein chief engineer, and W. R. Hough, Experimental Engineer, Afternoon: 
lan miectric q . i ering 4 ‘levels . . . . . ” . 
Eve tric & Engineering Co., Cleveland. _ “Gas Distribution at the Ford Motor Co.,”" by F. J. Harlow, manager, 
pata industrial division, Phiigas department, Phillips Petroleum Co., Detroit. 
Exhibitors’ Informal Dance, Hotel: Statler. _“Study of Blast Furnace Charging,”’ by Gordon Fox, vice president, 
Freyn Engineering Co., Chicago. 
Wednesday, Sept. 23 “Inhibitors and Their Probable Mechanism,” by G. Walter Esau, 
Morning: metallurgical engineer, E. F,. Houghton & Co., Philadelphia. 
“Bright Annealing < Jormalizi Saants 6G : ‘Mec 
f ie g and Normalizing Auto-Body Stock Steel in Elec- ; ee : , 
. Fur es,” by F. T. Hague, manager, D. C. engineering department WELDING ENGINEERING Div:s:0N 
We P. H. Brace, manager, metallurgical department, research division, Afternoon: 
estinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 


“Sheet and 136,"" by Grover A. Hughes, 





TON ta ; i. - “Development in Welding During 1935-1' 
lock. chief m otto Steel for Deep Drawing Purposes,” by Joseph Win- electrical engineering, Truscon Steel Co., Youngston, Ohio. 
“Heat Tre uraist, Edward G. Budd Mfg. Co., Philadelphia. “Resistance Welding in Steel Plants,” by Walter Anderson, vice 
Gr freating Alloy Bar Stock in Electric Furnaces,” by Dr. Marcus president and Malcomb Clark, general manager, Taylor Winfield Corp., 
. ‘rossmann, director of research, Carnegie-Illinois Steel Corp., Chi- Warren. Ohio 
Cago. : ’ ; ’ : vs . 
“es . ; . ar | , 
“TY a ayy Se ‘ . . 2? Dee sn How Arc Welding Aids in the Use of Standard Steel Mill Products 
. Fink piel serge of the mee Lakes Steel Corporation.” by George in the Electrical Industry,” by O. A. Tilton, industrial engineering 
After > President, Great Lakes Steel Corp., Ecorse, Mich. depariment, General Electric Co., Schenectady, N. Y. 
i alain ccna “Commercial Welding as Applied to Steel Mills.” by H. A. Woofter, 
be tsPection trip to Great Lakes Steel Corp., Ecorse, Mich. Special chief engineer, The Federal Machine & Welder Co., Warren, Ohio. 
. «a arin eS. & S. E. will provide and which the guests must Evening: 
wilt teave the Hotel Statler at 12:45 P. M. (E.S.T.). Price $2 pet F l stat] 
eTS Tink per , oo ° eae srawe Boss int : formal reception, Hotel Statler Pall Room. 
Steel he ret available at A. I. & S. E. registration desk or Iron and abe cwe ; 
ues! Exposition office, Convention Hall, Cass Ave. 


Friday, Sept. 25 
Thursday, Sept. 24 Inspection trip to steel plant, rolling mills and assembly line Ford 


; ‘ . Motor Co., Detroit. Speci ses Ww he A. I. & S. E. wi i 
LuBRICATION ENGINEERING DIvISsION Motor Co., Detroit pecial buses which the A. I. & S. E. will provide 


Morning : and the guests must use, will leave the Hotel Statler at 9:15 A.M. 


“Central; a ee Price $2 per person. Tickets available at A. I. & S. E. registration 
feld. : ralized Lubrication and Roll Cooling Systems,” by T. J. Kauf desk, Hotel Statler, or Iron and Steel Exposition Office, Convention 
» Special representative, DeLaval Separator Co., Pittsburgh. Hall, Cass Ave. 
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SAFE AT HIGH TEMPERATURES. Sc- 
lected, calcined diatomaceous silica, 
blended and bonded with asbestos fibre, 
gives Superex unusual heat resistance. Safe 
at 1900° F. Stands up under severe service. 


» Am 3" THICK 


HIGH INSULATING EFFICIENCY— LESS 
THICKNESS REQUIRED. Because of its 
remarkably iow thermal conductivity, 
3'' of Superex is equal in insulating value 
to4'4"' of many other insulating materials. 


INSURE 








TROUBLE-FREE 
SERVICE 


behind Refractory Linings 


 SUPEREX 


THE ECONOMICAL BLOCK INSULATION 


Johns-Manville 


INDUSTRIAL 
INSULATIONS 


M 


For every temperature 
condition from 400° F. below 
zero to 3000° F. above 
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J-M SUPEREX BLOCKS safely with- 
stand temperatures up to 1900° F. 
—retain their unusual insulating 
effectiveness even under severe serv- 
ice conditions. As a result .. . for 
many years, in many thousands of 
installations, Superex has proved 
itself the most efficient and econom- 
ical block insulation for high-tem- 
perature industrial equipment. 


You will find Superex especially 
well adapted for the insulation of 
slab-heating, annealing and all types 
of controlled-atmosphere furnaces, 
producer-gas mains, hot-blast stoves, 





JOINT LOSSES MINIMIZED. Whatever 


PICK YOUR THICKNESS. Superex is fur- 
nished not only in the thicknesses shown 
above, but also in any intermediate 
thickness desired. No waste; you buy 
only the thickness you need. 






an vb 


LOW INSTALLATION COST. Blocks are 


large (up to 12"' x 36''); they are light 
(23 lb. per cu. ft.). Superex goe: on 
quickly, economically—as much as ° sq, 
ft. at a time—with savings in labor cost, 


> % Re i y % ; 
+ : , 
cat oe : on % 
$ : i s 
$ 5 r “ 
« % ba : Se, 
: : % & oa 
z * ee ae 


insulation you use, however carefully 
you apply it, there will be heat leakage 
through joints. With Superex’s large-size 
units, such losses are reduced to a 
negligible degree. 


open hearths and regenerators, and 
soaking pits. 


Superex’s high insulating value 

means a lesser thickness can be used 
. .. result, savings not only in the 
cost of insulation but also, in many 
cases, additional savings in furnace 
construction costs. 
Engineering data sheets on Superex 
Blocks, Sil-O-Cel Brick and other 
Johns-Manville Insulations for high- 
temperature equipment may be had 
by addressing Johns-Manville, 22 
East 40th Street, New York City. 
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O YOU want to know what 

metallurgical engineers are say- 

ing, the world over? Look in the 

Current Metallurgical Abstracts. 

Here are some of the points cov- 

ered by authors whose articles are 
abstracted in this issue. 








Shock Absorbers 


T mportance of vibration in reduc- 
ing life of furnace refractories is 
rect d by Hess (page MA 447 L 2) 
in which he recommends that furnaces 
be ted on shock absorbing mate- 
ria! H.M. 


More Hot Tubes 


At r application of radiating metal 
tub ed with gas is described by 
Spov (page MA 447 L 3) in which 
the ; are applied to a galvanizing 
pot to ,revent local overheating of the 
pot | eventing direct impingement of 
the i —M.H.M. 


Approaching the Original Conception 


The iginal conception of a soaking 
pit, a name implies, was a chamber 
in whic! the heat in the molten interior 
of stec: ingots was allowed to equalize 
through the remainder of the ingot, 


which could only be accomplished in a 
well insulated chamber. With increases 
in production, the soaking pit has be- 
come more and more a heating furnace 
with little attention to economy, but 
Jenkins (page MA 447 L 4) now recom- 


mends the use of heat insulation.— 
M.H.M. 


A Warning 


' It is easy to bend over backward too 
lar in conserving a scarce or expensive 
metal. Liider (page MA 449 L 4) warns 
against cutting the tin content of soft 
solder too radically since it may result in 


eventually using more, rather than less, 
tin.—B.W.G. 


Factors Affecting Adhesion of 
Electrodeposits 


oft (page MA 454 R 1) gives a lot 

good intormation on factors influ- 
encing adhesion of  electrodeposits. 
oe. pickling, and conditions of 
1 io cePosition may be made perfect, 
tl a be discouraging to try to 
efficient - deposit intact when its co- 
that ot of expansion differs widely from 

of the underlying metal —B.W G. 
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Design for Welding 


The conquest of industry by welding 
necessarily has been slow. Stubborn re- 
sistance has had to be overcome in one 
field after another. Ultra conservatism 
has impeded its progress at every turn. 
But, due largely to this very fact, the 
results which have been achieved to date 
are permanent. Growth of the process 
has been uniform and healthy; The 
wide application attained by welding, 
against all opposition, is, in itself, most 
convincing proof of its inherent merit. 

While welding still has far to go be- 
fore it is universally accepted and 
adopted for all kinds of suitable work, 
it is reasonable to expect that eventually 
this is bound to come about. Ample 
assurances of the bright future of weld- 
ing are provided by the record of its 
phenomenal recent growth, at constantly 
accelerated rate. 

Some idea of the unlimited variety of 
equipment that welding is used for to- 
day may be gained from the article by 
Davis (page MA 449 L 9). The trend 
is unmistakable. To stay abreast of 
modern developments, all-welded con- 
structions are increasingly mandatory. 
“Design for Welding” is the order of 
the day.—E.V.D. 


Voice of the Departed 


“Accelerated” tests for creep seem 
all the rage abroad. Schmidt and 
Krainer (page MA 468 L 5) as well as 
Schmitz (page MA 468 R 2) discuss 
them, and, according to the latter, Ger- 
man practice is standardized on rate of 
flow between the 25th and 35th hour. 
Chevenard (page MA 468 L 2) also uses 
that period.’ Fittingly, Chevenard’s dis- 
cussion was presented at a Séance. As 
for us, we'd just as soon take the guess 
of a “medium” at a clairvoyant seance 
on the load carrying ability in service as 
the result of a 25-35th hour “test.” 
Anyhow the N.P.L. haven’t fallen for 
this type of wishful thinking, and sanity 
will finally win out abroad as a result 
of its example and the data it presents. 


—H.W.G. 


External Conditions versus Protective 
Coatings 


The most important fact developed 
during recent years from an industrial 
standpoint is the importance of differ- 
ences in the conditions of exposure. 
This fact has again been demonstrated 
in the case of protective coatings by the 
work of Blum, Strausser and Brenner 
(page MA 469 L 2). Under rural or 
marine climatic conditions zine and cad- 
mium coatings gave better protection to 
iron than nickel and chromium while in 
an industrial atmosphere, where sul- 
phurous and sulphuric acids are present, 
the reverse was true —V.V.K. 


Ferromagnetic Theory: A Fairly Easy 
Lesson 


Unwillingly perhaps, but nevertheless 
surely, the metallurgist is being forced 
more and more to acquaint himself with 
ferromagnetism. To those who already 
see the writing on the wall there can 
be recommended Bozorth’s article (page 
MA 458 R 2): this reader knows of no 
other that is so comprehensible and so 
richly rewarding. It must be stated, to 
be sure, that “The Present Status of 
Ferromagnetic Theory” cannot be di- 
gested with the effort required to read 
the sports page; the point is_ that 
Bozorth has put handles on the concepts 
which exist for the mathematical 
physicist as differential equations or 
worse. This, if you have never tried 
it, is no small accomplishment. Inci- 
dentally, because of the high compres- 
sion of the abstract, the article seems 
tougher than it really is —J.S.M. 


Hydrogen in Steel 


Since hydrogen is often blamed when 
flakes show up these days, and since 
flakes are apt to be a matter of national 
defense in those countries indulging in 
the armament race, Ploum’s article 
(page MA 458 L 8) is of interest even 
though he was not concerned with 
flakes. However, by reviewing the lit- 
erature and by presenting his own ob- 
servations on the mechanisms of hydro- 
gen absorption and expulsion, Ploum 
has lightened the task of those who may 
have to determine how much there is 
in the notion that hydrogen may ruin a 
batch of gun forgings.—J.S.M. 


“Balance” in a Steel 


Prohoroff suggests an interesting type 
of “balance” in a steel whereby alloying 
elements of opposing tendencies upon 
diffusion of C are used in order to avoid 
banded structure (page MA 458 L 10). 
Perhaps it is easier said than done.- 


H.W.G. 


Fireproof Photographic Reproductions 


Jenny describes how aluminum oxide 
films (produced on sheets) may be sensi- 
tized and used for the reproduction of 
images by following conventional photo- 
graphic technique (page MA 472 L 6). 
It is claimed that the “negatives” are re- 
sistant to fire, heat, organic solvents 


and abrasion. (?)—G.L.C, 


Data on Binary Alloys 


An unusually complete compilation of 
information on the constitution and 
structure of binary alloys has been made 
by M. Hansen (page MA 458 L 2). It 
is enthusiastically recommended by Mehl 
as a particularly valuable reference book 
for research metallurgists —B.W.G. 
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MODERN PROCEDURE IN ALLOY STEEL PRODUCTION 


A Series of Advertisements based on Timken Methods 


A large, modernly-equipped and well- 





organized chemical laboratory with 
trained personnel working under capable 


pa 


executive direction, assures the chemical 
correctness of every heat of Timken 
Steel in accordance with specifications. 


Berek pore 


Nothing has been overlooked in making 
possible a maximum number of accurate 
checks during the progress of melting. The 
laboratory is in direct communication 
with the melting floor by means of pnev- 
matic tubes, telautograph and of course 
telephone. Thus no time is lost in trans- 
mitting test samples to the laboratory, 
and the results of tests to the furnaces. 


In addition to its vital routine functions 
as outlined above, the Timken Chemical 
Laboratory cooperates closely with the 
Research Division in constantly striving 
for the betterment of Timken Steel. 


THE TIMKEN STEEL & TUBE 
COMPANY, CANTON, OHIO 


District Offices or Representation in the following cities: 


Detroit Chicago New York Los Angeles Boston 
Philadelphia Houston Buffalo Rochester Syracuse 
Tulsa Cleveland Erie Dallas Kansas City 


St. Louis Cincinnati Huntington Pittsburgh Minneapolis 
World’s Largest Producer of Electric Furnace Steel 


TIMKEN ALLOY STEELS 


ELECTRIC FURNACE AND OPEN HEARTH © ALL STANODARO AND SPECIAL ANALYSES 
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Our Section Editors 


(Continued from the July and August Issues) 


4 M GENSAMER is assistant 
i . professor of metallurgy at 
sf Carnegie Institute of Technology, 


Pittsburgh. He is also a part- 
time member of the staff of the 
Metals Research Laboratory of 
that institution. He was gradu- 
ated from Carnegie in 1924 with 
the degree of B.S. in metallurgy. 
\fter working for five years as 
etallurgist for the American 
hain Co. at its Page Steel Wire 
. plant at Monessen, Pa., he re- 
rned to Carnegie in 1929 as a 
‘mber of the staff of the Metals 
search Laboratory. In 1931 he 
eived his M.S. degree (with 
stinction), and his D. Sc. degree 
metallurgy in 1933. He was 
inted to his present position 
1935. 


ir. Gensamer is a member of 





M. GENSAMER 


the American Society for Metals 
ind the American Institute of 
ining and Metallurgical Engi- 
neers, and is also secretary of the 
Pittsburgh Science of Metals 
Club. He was a joint recipient 
of the Howe Medal with Drs. 
Walters, Wells and Eckel for 
work on alloys of iron, man- 
ganese and carbon. He has pub- 
lished papers on Fe-Mn-C alloys, 
on the deformation textures in 
rolled steel, an X-ray study of 
Liiders lines in mild steel, and on 
internal stresses by X-ray meth- 


ta ods. 
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8 poate E. HARDER is as- 
sistant director of Battelle 


Memorial Institute, Columbus, 
Ohio. He obtained his B.A. and 
his M.S. in chemistry degrees 
from the University of Oklahoma. 
The University of Illinois be- 
stowed a Ph.D. degree on him in 
1915 for special work in applied 
and organic chemistry, as well as 
in geology, French and German. 

Dr. Harder has had a _ broad 
experience as a teacher, having 
been connected with the Uni- 
versity of Oklahoma, of Kansas 
and of Illinois, where he had a 
fellowship from 1913 to 1915. He 
was professor of metallography 
at the University of Minnesota 
from 1919 to 1930. He has done 
a great deal of consulting work 
for many firms on gold alloys, 
drill rod, bearing metals, rails, 
steel castings, and so on. 

The following societies number 
him among their members: 
A.S5.M., ACS. Adee. .- ASL. 
M.E., Amer. Assn. for Ady. of 
Science and the Soc. for Prom. 
Eng. Education. Dr. Harder was 
the Howe Medalist of the AS. 





Oscar E. Harprre 


S.T. (now A.S.M.) in 1928. He 
was a national director of that 
society from 1930 to 1932, and 
he is a member of a number of 
A.S.T.M. committees. 

Dr. Harder has_ contributed 
many technical papers to various 
societies. His special interests in- 


clude metallography, X-ray work, 
high and low temperatures of 
metals, dental alloys, carburizing 
and nitriding. He is in charge 
at Battelle of projects on metal- 
lography, physical metallurgy, and 
the control of the physical proper- 
ties of metals. 


W. GRAHAM is general 
>, Ea ee of the Jones & 


Laughlin Steel Corp., Pittsburgh. 
He was graduated from Lehigh 
University, Bethlehem, Pa., in 
metallurgy in 1914 and has been 
continuously connected with his 
present employer ever since. For 
the first five years of this period 
he was engaged in operating work 
in various departments, particu- 
larly the blast furnace, open- 


hearth and Bessemer. From 1919 





H. W. GRAHAM 


to date he has held various posi- 
tions in metallurgical work. Since 
1928 he has had _= supervisory 
charge of all technical affairs of 
the Corporation. 

Mr. Graham has devoted con- 
siderable time for over 15 years 
to a study of the machinability 
and the manufacture of open- 
hearth and Bessemer screw steels, 
and has written a number of pa- 
pers on the subject. For some 


years also he has made a “profes- 


sional hobby” of rotary drill pipe 


for oil well use. He has orig- 
inated a number of developments 
in this field and contributed papers 
thereon. 
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Surface 


Industry’s unceasing efforts to make good 
products better, cheaper, safer—its use of 
straight line production methods in ac- 
complishing its purposes, has led to the 
development of new methods and equip- 
ment. Foremost in importance perhaps is 
steel treating-and such contributions to 
steel treatment as SC Controlled Atmos- 
phere Furnaces for clean hardening, draw- 
ing, bright annealing and EUTECTROL 
gas carburizing. 

SC Controlled Atmosphere Furnaces 
shorten the production cycle in the instal- 
lation shown above in a motor car man- 
ufacturer’s plant. These operations are 
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now done in straight line production, | 
cause SC Atmosphere Furnaces for cle: 
hardening eliminate pickling. They a 
compact, saving floor space. Their pro 
uct is uniform, free from scale. Rejections 
are minimum. 

This SC Hardening Furnace with se'(- 
contained and enclosed conveyor, with 
automatic lowering quenching device to 
keep distortion at a minimum, with oil 
quench, continuous washer, and drawing 
furnace is only about 30 feet long, and has 
a capacity of 50 rear axle shafts per hour. 
A single operator to charge the furnace 
is the only labor required. 

Your heat treating problems may be 
solved by the correct SC furnace equip- 
ment giving you similaradvantages to those 
above. Talk them over with SC Engineers. 
SURFACE COMBUSTION CORPORATION, TOLEDO. 


‘» » » ATMOSPHERE FURNACE! 
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Gnats and Camels 


LARK? has cited a case where the creep resistance 
C at 850 deg. F. of two steels of very similar analy- 
sis were respectively 7,000 and 12,000 Ibs. per sq. in. 
and points out that the one with the lower value was 
“the usual run of commercial steel,” while the other, 
a carbon steel, was “made according to best alloy steel 
practice.” He indicates that there will be a difference 
according to whether the steel is made by the induc- 
tion, the air or the open-hearth process. 

Kinzel? points out that killed steels have better creep 
propertics than semi-killed or rimmed steel. 

WI! y® said that tubing of the same grade, from 
differen! manufacturers, may vary as much as the fig- 
ures given by Clark. Robinson of the G. E. Co., in 
unpub! 1ed discussion at meetings of the Joint High 
Tempe::ture Committee of the A.S.T.M. and 


A.S.M...., has since reported variations fully as great, 
and dif rences of that magnitude are within the ex- 
perienc’ of most laboratories which have done much 
creep testing on steels whose composition, room tem- 
peratur: properties and short-time high temperature 
properti:s are close together. 

In th: report of the National Physical Laboratory 
for 1935‘ it is remarked that in work on high tempera- 
ture structural stability of 0.15 per cent carbon steel, 
the first lot tried had an abnormally high creep rate 
at 840 deg. F. and was then substituted by one with 


a more normal rate of creep. 

As long as there was a considerable variation in the 
care taken by different laboratories in creep testing, 
some such discrepancies that were noted early, were 
ascribed to variations in testing technique and it was 
assumed that the steels were not responsible for the 
variation. Too many cases are now on record where 
any one laboratory finds variations far outside its 
probable errors of testing, for this idea to be tenable 
any longer. Steels, apparently alike in other respects, 
and marketed for the same purposes, evidently do 
vary a lot in their long-time load-carrying ability at 
high temperature. When such results are obtained 
on steels bought on the open market, without a clear 
record of every variable in their manufacture, the 
tests are useful for selecting a creep-resistant lot, but 
worthless for throwing light on why it was or was not 
‘reep-resistant. If anyone has intentionally varied the 
conditions of manufacture of steel for high tempera- 
aa Use and made enough creep tests to show a cor- 

ation between those conditions and the creep prop- 
“ries, he is keeping pretty quiet about it. 
ae ee — of hardenability and “body”, 
ia Or tects not so long ago, are yielding to 

rdenabili: om % ‘wesigeeey am grain size and known 
trols th y eing produced at will. What con- 
€ creep properties is probably no more occult. 
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Since the differences seem only to be shown by long- 
time creep tests, those countries abroad that have 
yielded to wishful thinking and are attempting to use 
so-called accelerated tests to evaluate long-time prop- 
erties, are not likely to obtain information of any value 
on the problem. It would be a rather expensive job 
to handle in proper fashion, but it must be done sooner 
or later if we are to make engineering progress in high 
temperature uses of steel. 

Those who make, test and use steel at high tempera- 
tures are often haggling over matters that are of much 
less fundamental importance than this. 

The most complete statement of the situation is in 
an article “Some Aspects of the Behavior of Carbon 
and Molybdenum Steels at High Temperatures” by 
Jenkins, Tapsell, Mellor and Johnson of the National 
Physical Laboratory, presented at the Chemical Engi- 
neering Congress of the World Power Conference this 
summer. Four 0.13 to 0.20 per cent C steels, similarly 
heat-treated, loaded at 8 tons per sq. in. for 20 days 
stretched on the average about % of 1 per cent, but 
one 0.16 per cent C steel stretched 7 per cent, and one 
0.19 per cent C steel over 1 per cent i.e., 28 and four 
times as much respectively as the others. In 0.40 per 
cent C steels, similarly loaded, half a dozen averaged 
a total stretch of 0.3 per cent, but a seventh stretched 
1.3 per cent, or four times as much. If comparisons are 
made on the rate of creep at the end of 20 days, the 
two erring low carbon steels were stretching 134 
and 13 times as fast as the average of the good ones, 
while the black sheep of the 0.40 per cent carbon steels 
outran its companions 13 to 1. 

While some details of the melting and deoxidation 
practices are known and recorded, the controlling 
variables are still obscure. One of the poor low car- 
bon steels was acid open-hearth without addition of 
aluminum, while two of the good ones were an oper- 
hearth, one with and one without aluminum. 

The bad 0.40 per cent C steel was basic electric arc, 
with aluminum addition, and a very good one was 
basic electric arc, with titanium addition. No one re- 
corded variable upon which blame could be heaped 
fails to show an alibi in some other lot. That the 
trouble goes back to the original melt is indicated by 
work on castings where a good and a bad lot remained 
good or bad in creep regardless of whether the steels 
were tested as castings or in wrought form. 

It seems time that those interested in the problem 
cease straining at gnats while swallowing the camel. 
The situation has been on record for five years, with 
nothing much done about it—H. W. G. 


1. Clark, C. L.: Discussion, Symposium on Effect of Temperature on 
Metals. A.S.T.M.-A.S.M.E. 1931, page 433. 

2. Kinzel, A. B.: Discussion, Symposium on Effect of Temperature on 
Metals. A.S.T.M.-A.S.M.E. 1931, page 390. 

3. Whitney, H. L.: Discussion, Symposium on Effect of Temperature 
on Metals. A.S.T.M.-A.S.M.E. 1931, page 391 

4. National Physical Laboratory, Report for the Year 1935, page 163. 


A 25 














HOT ROLLED ALLOYS 

S.A.E. 2315, 

2340, 2345, 2350, 3115, 3120, 

3130, 3135, 3140, 
6145, 52100, etc. 

Rycase (hot rolled, machine 

straightened). 

Rytense A.A. (hot rolled, machine 
straightened). 


COLD DRAWN ALLOYS 
S.A.E. 2315, 2320, 2330, 3115, 
3120, 3135, 3140, ete. 


HEAT TREATED ALLOYS 
Ryco (hot rolled, machine 
straightened). 

Nikrome (hot rolled, cold drawa, 
machine straightened). 
Ry-ax (hot rolled, machine 
straightened). 

Ry-arm (hot rolled, machine 
straightened). 


STAINLESS AND HEAT 

RESISTING ALLOYS 
Allegheny Metal (Sheets, 
Welding Rod, etc.). 


COLD FINISHED STEELS 
Std. Shafting, Turned, Ground and 
Polished, Special Accuracy Stock, 


Bars, 


Rycase High Manganese Screw 
Stock, S.A.E. 1020, 1035, 1112, 
1120, etc. 


TOOL STEELS 
Ryerson B.F.D. Die Steel 
Ryerson “Shock” Steel 
Ryerson V. D. Tool Steel 
Ryerson High Speed Tool Steel 


GENERAL STEEL PRODUCTS 
All steel products such as Bars, 
Structurals, Plates, Sheets, Strip 
Steel, Welding Rods, Tubes, etc., 
are carried in stock for Immediate 

Shipment. 


2320, 2330, 2335, 
3250, 4140. 








Joseph T. Ryerson & Son, Inc., Chicago, 





























Ryerson Alloy Stee's 


A full range of special alloys, tool steels, stainless and heat resist- 


ing steels are immediately available through the Ryerson Stee! ->ervice 


plants. Stocks include all major specifications. 


Heat Treated Alloy Steels 


The full value in alloy steels is secured after they have been heat 
treated to develop their greatest strength and toughness. We Cafty 
many sizes and types of heat treated alloy steel in stock, and also heat 
treat on order to any required specification. If you do not heat treat 


your own steel you will find this service helpful. 


The Ryerson Special Steels Division consists of experienced engi- 
neers and steel men who are in a position to give unprejudiced advice 
and cooperation in choosing the right grade of steel for every particulaf 
purpose. 

We invite you to use the facilities of our 


Special Steels Department. You are as- 
sured expert technical cooperation. 


Milwaukee, St. Louis, Cleveland, Cincinnati, Detroit, Boston, Buffalo, Philadelphia, Jersey City 


ERSON 
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Metallurgical Needs of the Glass 
Industry—| 


By R. D. SMITH 


Works Laboratory, Corning Glass Works, Corning, N. Y. 


TERY PIECE OF GLASSWARE, as delivered 
eady to use, represents the consumption of a 
‘ertain amount of metal due to abrasion, oxida- 


tion, or heat checking. Each stage of glassmaking, 
fron: the handling of the raw materials to the final 
fini g operations on the ware, takes its toll of 
me 
Two General Problems 
problems relating to the consumption of metal 
in t! glass industry naturally fall into two general 
oll a 
| first group covers all of the servicing equip- 
me! oblems relating to wear and abrasion in the 
han x of raw materials, the mixing and feeding 
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One Method of Charging a Glass Tank. 


of the batch, the oxidation and wear of--the-furnace 
parts and the grinding and finishing operations on the 
glassware. 

The second group covers the parts used for handling 
and shaping of the molten glass through its plastic 
state into glassware. 

The problems in the first group are quite similar 
throughout the glass industry, and many of the indi- 
vidual problems are found so frequently in other 
industries that equipment manufacturers are generally 
prepared to recommend and install the equipment built 
of those materials most satisfactory for the best serv- 
ice. The selection of the metals for construction of 
such equipment is usually dependent upon one or at 
most a relatively few physical properties. 

















Hand Gathering and Pressing of Lenses. 


The second group presents to the glassmaker prob- 
lems which he, rather than the equipment manufac- 
turers, must solve. These problems not only differ 
in various branches of the glass industry but find no 
counterparts in other industries. The metal contact 
with the molten glass and hot shaped glassware brings 
into consideration properties of both metals and 
glasses which complicate the selection of the materials 
of which the metal parts are made. It will be the 
purpose of this paper to treat mainly with this latter 
use of metals and alloys. 

A mere tabular presentation of the metals used in 
the glass industry would be of little value to the 
reader. This list to be complete would have to cover 
many of the commercial metals and alloys on the 
market and would fail to take into consideration the 
preferences of individual glassmakers for a particular 
composition for a certain use. Some description of 
the various glass handling and forming operations, 
as related to the properties of the metals and alloys, 
is considered necessary and will be given. Table I 
presents an outline of the stages in the manufacture 
of glass in which metals are used. 


Table |.—Glass House Equipment 


I. Handling Raw Materials, Batch and Cullet. 

Storage and mixing of batch materials, bins, scoops, 
conveyors, batch mixers, ventilating systems. 
Transporting and filling of mixed batch and cullet. 
Wagons, conveyors, hoppers, filling systems, filling 
scoops, batch pushers, hoods and ventilating systems, 
cullet crushers, and conveyors. 

II. Melting Equipment. 
Fuel producers and carriers, burners and stack sys- 
tem, furnace buckstays, tie rods, water coolers, boot 
clamps, and furnace fittings. 

III. Glass Working Machinery and Cooling Equipment. 

Machines, blowers and compressors, fire polishing. 

IV. Hot Glass Transferring and Shaping Tools. 

7, Lehring or Annealing Equipment. 
Lehr conveyors, pans, screens, and rolls. 

VI. Finishing Equipment. 
Cutting and trimming. 
Grinding and polishing. 
Frosting, sand blasting, enameling. 


The failure of the materials of construction of the 
batch mixing and handling equipment is mainly by 
abrasion. Where this wear is unusually severe, the 
mild ferrous sheet, plate and cast materials are dis- 
placed with higher carbon or alloyed steels. Cast (Z) 
metal for instance will give many times the life of 
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cast or sheet iron buckets in conveyors. High manga- 
nese crusher jaws may be used for cullet crushing. 

The iron contamination of the batch by the handling 
equipment is not a serious problem in the case of 
most commercial glasses. When special glasses are 
made, demanding almost complete freedom of iron 
oxide and other oxides of a deleterious nature, the use 
of such metal handling equipment is avoided. Pure 
aluminum may be used in this handling equipment, but 
wood is generally used, since the production of such 
special glasses is usually on such a small scale as to 
require little mechanical equipment. 

The glass melting units are constructed of ceramic 
materials, supported on the outside by iron buckstays 
and tie rods. The common ferrous materials are 
suitable for these parts. Some of the -boot ~burner 
nozzles and furnace parts exposed to higher tempera- 
tures, particularly around the glass working end of 
the furnace, may be required of calorized steel; high 
chrome, chrome-nickel, or nickel-chrome compositions. 
Chrome alloys of 13 to 28 per cent are used as well 
as the 18-8 and 25-20 per cent chrome-nickels. The 
35-15, 60-15, and 80-20 per cent nickel-chrome alloys 
are used in the more severe types of service. 

The glass forming machinery, exclusive of the 
hot glass handling parts, does not present problems 
unusual to machinery in general. It is true that the 
heat from the hot glass and molds frequently causes 
trouble due to expansion and poor alignment. This 
difficulty may be overcome by proper design and cool- 
ing of the machine parts. Fire polishing equipment 
frequently requires special alloys of the chrome or 
chrome-nickel type to withstand the intense heat and 
to avoid transferring a metallic oxide scale to the fire 
polished glassware. 


The “lehr’ (annealing oven) and lehr parts nay 
frequently be made of the common ferrous materials 
when the temperatures do not exceed 550 deg. C. For 


higher temperatures alloy irons and steels are «sed 
in the important links of the conveyor system. The 
type of alloy used depends upon the temperatu’s to 
which the metal parts are to be subjected. Some -heet 
glass manufacturers use chromium plated rolls :1 the 
lehrs. 


The finishing operations on the glassware after 
annealing vary according to the type of ware. Bottles 
for instance may require no finishing operations unless 
an enameled label is to be applied in which event a kiln 
firing of the enamel is required. 


Frequently, some cutting, grinding or polishing 1s 
done on the glassware as a finishing operation. In 
cutting glassware several methods may be employed 
in which metal tools are required. Cold glass may be 
cut by thermal shock using glowing resistance wires 
to produce locally heated lines on the glass surface 
followed by. water contact to produce the fracture. 
Hot glass may be similarly fractured by a contact 
with a moist cold metal wheel. Thin steel wheels 
revolving at high speeds may cut glass tubing. Fre- 
quently cutting wheels are faced with stellite or similar 
alloys. Such tools merely start the fracture and are 
not generally used to cut through the glassware. 


The grinding of plate glass is done with sand and 
other abrasives, revolving plates fitted with cast irom 
runners being used to back up the abrasive. There 
is considerable wear of the cast iron which is taken 
for granted since a material too hard and dense pro- 
vides a poor backing for the abrasive. 


Sand blasting supplies the problems peculiar to that 
type of equipment. Boron carbide nozzles and rubber 
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stencils and hose will outwear the best metal parts in 
sand blasting equipment. 

There are several finishing processes employing 
acids. In the etching of lines or designs onto glass, 
acid polishing and the frosting of glassware, equip- 
ment must be provided for solutions containing hydro- 
fluoric acid, and for combinations of sulphuric and 
hydrofluoric acids. Chemical lead is used as the con- 
tainer for the above mixtures of acids employed in 
acid polishing. Dipping racks are made from Monel 
metal. Frosting equipment used to handle hydrofluoric 
solutions containing ammonium and sodium bifluorides 
may be built of lead, bronze or Monel metal. Monel 
metal resists the action of hydrofluoric acid extremely 
well. Rubber lined iron containers are suitable for the 
dilute hydrofluoric acid solutions when not heated 

r 170 deg. F. Iron drums have practically displaced 
e old lead carboys as shipping containers for hydro- 
fluoric acid since the iron may be so treated as to be 
passive toward this acid of strength over 60 per cent. 


) 
1 
| 
st 


The hot glass transferring and shaping methods and 


devices may be classified as follows: 

Transferring and Shaping Molten Glass: 
id Gather: Vertical window glass 
low pipe cylinders 
unty-shears Fourcault process 
dled Colburn process 
ved: Mechanical Gather: 
ured from pot Suction— Owens and 
lled—plain, wire and Westlake machines 


igured Gob feeder—Hartford- 
bing and cane Empire types 
rning ribbon flow Mold Shaping: 


ulb machine Blow molds 
] n: Press molds 

‘tical drawing of 

ibing 


Transferring Hot Glass to the Shaping Device 


The transfer of the hot glass from the furnace 
emp!ovs metal tools in many cases. Hand “gathering” 
of glass is stili done in many plants. The two most 
comnmion methods of hand “gathering” are: By use of 
a blow iron for hollow blown ware, and by a “punty” 
iron jor ware of the solid or pressed type. 

The blow iron shaft is made from seamless steel 


tubing with a shank of steel welded thereon and the 
iron tip or nose in turn welded to the shank. Various 
metals are used for the tip which must be replaced 
from time to time, the so-called “cold rolled steel” 
being most frequently used. The tip may be chrome 
plated to eliminate the metallic oxide from the “moil”’ 
or (“chest cullet”) which is readily removed from 
the iron blow pipe after the glassware is blown and 
cracked off. Since all of the chest cullet is valuable 
as a batch addition and such cullet is usually required 
to be low in iron content, chromium plating is very 
desirable, 

On the other hand the pronounced tendency for 
glass to adhere to stainless steels is an advantage in 
drawing rather large or valuable drafts of glass, such 
as in the vertical drawing of thermometer tubing 
where the blow iron with the “gather” is mechanically 
drawn up an elevator shaft. The glass must not break 
loose from the iron and fall down the shaft and the 
adherence of glass to metal should be at its best. The 
removal of the glass from such irons is rather difficult 
and time consuming so that rapid gathering of glass 
tor small ware is performed better with chromium 
= irons from which the moil is stripped rather 

y. 


Ti ys 
Punty” irons are usually a rod of metal about 4% 
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in. in diameter and 40 to 50 in. in length, provided 
with a wooden handle on one end and a fired clay 
ball on the other. The glass is gathered on the clay 
ball and the punty held over the mold into which 
the glass is allowed to flow, the presser cutting through 
the glass stream with hand shears. These irons must 
be as light and strong as possible and must not 
oxidize or scale. It is important that the irons remain 
straight under the temperature and load conditions of 
the glass transfer. The high nickel-chrome iron alloys 
appear to be superior to the straight chrome iron alloys 
in resistance toward bending. The breaking off of any 
of these tools in the furnace or pot entrance results 
in the loss of the glass for a considerable period of 
time because of reactions forming gas. 

Other tools such as tube punties are frequently made 
from nickel-chrome alloys of the 35-15 per cent type 
although there may be a preference for 60-15 per 
cent or the 80-20 per cent compositions in more severe 
uses in which high temperature strength is important. 

Glass may be ladled out of the working end of the 
glass furnace in cast steel ladles. The ladles are pre- 
chilled in water and the “skull” or chilled glass layer 
left in the ladle after pouring is subsequently removed 
and returned to the melting end of the furnace or 
glass tank. Some glassmakers prefer a chrome-nickel- 
iron alloy ladle of the 25-20 per cent type. 

Should the ladled glass be used in making plate 
glass by the old process, the glass rolls are the next 
consideration. Since plate glass is ground and polished 
the rolls may be made of cast iron or steel. 

In the case of continuous rolled glass and, in par- 


Hand Blowing of Large Glass Tub. 
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ticular, figured rolled glass, such as is made on the 
Boudin machine, the composition of the rolls is im- 
portant. The bottom roll containing the figured pattern 
may be cast iron, ordinary steel or nitrided nitralloy. 
The top roll giving the smoother glass surface w hich 
is not subsequently polished must be of either high 
chrome or high nickel-chrome alloy. The rolls are 
water cooled and it is impossible to obtain a smooth 
top glass surface with top rolls of high thermal con- 
ductivity materials; hence alloy steels “of low thermal 
conductivity do not give the objectionable chill 
wrinkled top glass surface. 

It is apparently the low rate of thermal conductivity 
which is necessary in obtaining a good rolled glass 
surface, since regulations of the wall thickness and 
amount of cooling fails to make a regular steel roll 
satisfactory. The alloy steel roll also resists heat 
checking better than the mild steel or cast iron rolls. 
In making wire glass the mild steel wire mesh is fed 
into the glass stream in a continuous manner as the 
molten glass is being drawn through the rolls. 
Chromium plating of the wire is sometimes performed 
before use in the glass. Such plated wire mesh pro- 
duces less gas or seed in the glass and gives a clearer 
product. 

In glass feeding devices where the glass flows 
through an orifice, it is sometimes desirable that 
ceramic materials be avoided since the latter substances 
gradually dissolve in the glass and controlled orifice 
size is difficult to maintain. Platinum, or platinum 
alloys, are sometimes used in these parts where re- 
fractory corrosion is severe. 

Tube drawing machines of the Danner and Vello 
types use metal mandrels and bowls from which the 
glass is drawn in a continuous manner. Since the glass 
temperatures in these cases fall in the working range 
of glass (usually below 1000 deg. C), it is possible to 
use nickel-chromium alloys of the 80-20 per cent type. 

The general difficulty in the use of metals in hot 
glass, where dependence is placed upon a protective 
oxide coating on the metal, is that the glass is both 
an oxide former and a flux for the oxide at high 
temperatures. Two serious difficulties arise upon drop- 
ping metallic objects into molten glass. A colored glass 
or ‘‘spew” arises from the metal and numerous bubbles 
or “seeds” develop in the glass. 

The formation of “seeds” or bubbles in glass, due 
to contact with immersed metals, depends to some 
extent upon the composition of the metal. Nickel 
causes an excessive amount of “seed” while chromium 
appears to be less offensive in this respect. The nickel- 
chrome alloys are improved by the chromium content 
and may-be chromium plated with further improve- 
ment. High chrome-iron and chrome-aluminum-iron 
alloys are excellent in respect to the low amount of 
“seeds” and blisters formed in glass. It is thus 
observed that, while metals are very objectionable in 
the melting and refining of glasses, nevertheless the 
glassmaker uses metals for particular purposes in some 
of the glass flowing and drawing devices. 

The Corning Bulb Machine’ uses a continuous glass 
stream, which is rolled between an upper pocket roll 
and a lower smooth roll in order to distribute the 
glass in the ribbon to the best advantage for sub- 
sequent glass forming operations. The rolls are of 
gray cast iron and are water cooled. Very little heat 


is removed from the glass stream by the rolls and 
the ribbon of glass is now fed onto a series of orifice 
plates so that the glass humps or buttons in the ribbon 
are indexed over the holes of the orifice plates. A 
blow head now descends upon the button of glass 
forcing it through the hole in the orifice plate and 
admitting the proper puff of air for proper elongation 
of the blank of glass. The two sides of the mold 
close around the glass blank and the final blowing 
operation is performed. 

Since the molds are coated with a layer of linseed 
oil and carbonized cork, which during the machine 
operation has been previously saturated with water, 
a relative rotation of mold and glass blank is possible, 
The generation of steam from the paste mold surface 
facilitates cooling of the glass and produces good glass 
finish, no mold seams being i in evidence on the finished 
blown ware. The blow head seats onto the sharp edge 
of the orifice in the plate thus reducing the holding 
edge of the bulb to the minimum; a slight tap removes 
the ware from the ribbon and delivers the bulb onto 
the annealing conveyor. 

The orifice plates are made from nitralloy and are 
nitrided since extreme hardness and retention of sharp 
orifice openings is required. 

The blow head tips are made from a high tungsten 
steel and are chromium plated to offset the sticking 
tendency of the glass. It is found that plated tips 
eliminate the difficulty with partially closed bulb open- 
ings in that the glass blows free from the entire face 
of the tip while unplated blow tips give difficul'y in 


this respect. Such a partially closed bulb opening 
causes difficulty in the assembly of the lamp the 
lamp factory. 

Another type of feed, peculiar to the Owens ttle 
and the Westlake bulb machines, sucks up the glass 
gather from a forehearth into the parison c by 
means of reciprocating rams. The shearing off  { the 
glass tail, after the gather has been made fr the 
pool of molten glass, requires certain resista:'<e to 
wear in the metal parts. Nickel-chrome cas! irons 
find use in such parts as well as high speed steel © serts. 

“Gob” feeds of the Hartford-Empire type s!. ir off 
the glass stream which exudes from an orifice in the 


forehearth. A ceramic needle partially submered in 
the molten glass operates so that its upward and own- 
ward movement in the glass over the lower orifice 
opening assists in the control and formation of the 
“gob.” The shears for cutting off the glass are syn- 
chronized with the needle action and the glass machine 
so that, as the stream of glass is severed, the upward 
motion of the needle pulls back the end of the stream, 
while the “‘gob” falls into the receiving mold, usually 
directed by a system of troughs. The shears, which 
are kept cool by a water spray are either of high speed 
steel or are faced with stellite. The trough may be 
made of cast iron or steel since a wax or oil together 
with water is used on the trough surface to form a 
lubricant or steam cushion for the hot glass. Since 
the shear action is extremely rapid, the reciprocating 
parts are made of Dow metal so far as possible to 
reduce the inertia. 
(To be continued) 
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A Self-Recording 
Apparatus 


For Thermal Analyses 


By R. L. WILCOX and J. R. BOSSARD 


Investigators, Research Division, 


he New Jersey Zinc Co., Palmerton, Pa. 


MAL ANALYSES of metals and alloys by 
th etermination of heating and cooling curves 
ai portant from both practical and theoretical 
consi ions. Practically, they are of value in de- 
termi melting points and heat treatment informa- 
tion. undamental studies, they are of importance 
in determining solidus, liquidus, reaction, and transfor- 
mation temperatures in the development of phase 
diagrai 
The ual determination of a cooling or heating 
curve by any other than a self-recording apparatus -re- 


quires the entire attention of an operator over a con- 
siderable period of time. A satisfactory apparatus 
for general alloy development work and preliminary 
theoretical investigation is one in which a minimum of 
attention is required, the cooling and heating rates can 
be controlled at a chosen and reasonably uniform rate, 
and the data are automatically recorded in finished 
form with a fair degree of accuracy. An apparatus, 
Fig. 1, embodying these features has been designed 
and constructed at the research laboratory of The New 
Jersey Zinc Co. It has proved so useful for work in 
which a sensitivity of + 1 deg. C. is sufficient that 
others making such determinations may be interested 
i us construction and application. (This apparatus 
‘Ss hot intended to replace precision equipment already 
rs common use, nor has any provision been made for 
qe development of differential rate curves.) A typi- 
example of the results obtainable is shown by the 
cooling curve in Fig. 2. . 
of iy a aka ‘di be considered as being composed 
operation of = individual units. The design, use, and 
ach unit are described separately. 
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Fig. 1. Self-Recording Thermal Analysis Apparatus. 


The Furnace and Its Control 

The furnace is of the simple resistance type. The 
main features of the design are ample insulation and a 
graded winding to give a constant temperature area in 
the working zone. 

The 4 in. diameter refractory tube is wound with 90 
ft. of No. 18 Nichrome V wire and can be operated on 
either a 110 or 220-volt circuit. The furnace draws a 
maximum of 6 amp. at 220 volts and is capable 


of 

reaching 1000 deg. C. A sketch of the furnace and its 
wiring scheme is shown in Fig. 3. 

The temperature of the furnace is controlled by 


three rheostats: 


1. An adjustable rheostat in series with the furnace 
for the control of maximum amperage. 
2. A special spiral rheostat in series with the fur- 
nace to control rates of heating and cooling. 
3. An adjustable rheostat to shunt the spiral rheostat 
for control of minimum amperage during heating. 
A wiring diagram of the furnace control is shown in 
S 5 
Fig. 4. 

The adjustment and use of the three rheostats de- 
pends upon whether a cooling or a heating curve is to 
be determined and the specific temperature interval 
desired. 


The Spiral Rheostat 


In heating or cooling curve determinations it is de- 
sirable that the heating or cooling rate be such that a 
plot of temperature against elapsed time gives as 
nearly a straight line as possible so that any change 
in slope will indicate a phase reaction. Heating and 
cooling rates are controlled by the specially designed 
spiral rheostat which is used in conjunction with the 
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two auxiliary rheostats. The spiral resistance (Fig. 
5) consists of a molded carborundum plate with 
grooves in the form of an Archimedes spiral into 
which the resistance element is cemented. The latter 
consists of 170 ft. of No. 17 Nichrome V wire wound 
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TYPICAL COOLING CURVE 
PRODUCED 
WITH SELF ~ RECORDING APPARATUS 
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Fig. 2. Typical Cooling Curve of Results Obtainable. (Reduced 
about one-third). 


on a %-in. mandrel. The spiral element has a total 
resistance of 55 ohms. A motor-driven contact arm 
rides on the surface of the resistance coil. A con- 





nection is made from this contact to another one rid- 
ing on a brass ring in the center of the carborundum 
plate. Electrical insulation of the moving contact 
from the framework is provided by a Lavite tip on 
the contact arm. 
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The mechanism for driving the contact arm jg 
shown in Fig. 6. A 1/20 horsepower, 1800 r.p.m., re- 
versible induction motor furnishes the drive through 
a 900 to 1 ratio gear reducer. The motor and gear re- 
ducer are mounted on a separate sliding base, making 
it possible to use worm gears of different sizes as wel] 
as to manually adjust the contact arm. Four different 
sizes of worm gears are used interchangeably tg 
control the speed of the contact arm around the spiral, 
The rates obtained are from 1 to 3 hrs. for a com- 
plete cycle. The rate of travel around the spiral con- 
trols the heating or cooling rate. Rates of about Y to 
2 deg. C. per min. are obtained. Examples of con- 
trolled rates obtained with the spiral rheostat are 
shown in Fig. 7. 
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DETAIL OF WINDING ELEMENT 


Fig. 3. Sketch of the Furnace and Its Wiring. 


The gear train shown in Fig. 6 operates a normally 
closed Burgess microswitch which acts as a limit 
switch, stopping the motor when the contact am 
reaches the end of the spiral. The limit switch fune 
tions with the motor running in either direction. 


Cooling Curves 


To make a cooling curve determination, the movable 
contact arm on the spiral rheostat is set at the center 
the spiral. The shunt switch is set for “cooling” W 
disconnects the shunt rheostat. The spiral rh 
short-circuiting switch is thrown “off” and the furnace 
switch thrown “on.” The series resistance is adjus 
to give the desired initial amperage and the furnace 
allowed to come to the proper temperature. 4% 
proper gear to give the intended cooling rate 18 et 
in the driving mechanism. The motor reversing swit 
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FURNACE CONNECTIONS 





Fig. 4. Wiring Diagram 
of the Furnace Control. 
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+e <—e} 
| D2OvOISAC. 
Cesawed 
Shunt \Shorf O Switch 
) | On-heatingy 
Spiral ° Of cooling ae Am meter “ww 
rheostat Spiral Furnace 
rheostat a 
Shunt '._ Serves 
rheostat rheostat 
MOTOR CONNECTIONS 
pd Limit Motor 
—64-3—4 
Reversing switch '.| 11Ovolts A.C. 
Soom 
aa. Switch 
| Fe al al 
‘i woe eos 
Starting Switch 
winding 
is set to “cooling.” The furnace cooling cycle is heating cycle started by throwing the motor switch 
started by throwing the motor switch “on.” The limit “on.” The limit switch automatically stops the motor 
switch: automatically stops the motor when the outside when the center of the spiral is reached. If heating 
of th piral is reached. Cooling to lower temperatures cycles are wanted over a wide range, it is necessary 
is accomplished by returning the contact arm to the to make readjustments as for cooling determinations. 
cente: the spiral and adjusting the series resistance 
to gi he same value as obtained at the end of the 
previ cycle. 
No »rovision was made for reducing the furnace 
curre ) zero while using the spiral rheostat control. 
Such ; rovision would be of no value in the work for 
which | 1e equipment was designed since cooling curves 
at low temperatures are not useful on the materials 
investi;.ted. 
Heating Curves 
To -e a heating curve determination, the contact 
arm o! .1e spiral rheostat is moved to the outside and 
the fur: .ce switch thrown “on.” The spiral and shunt 
resistances are short-circuited and the series resistance 
adjusted to give the maximum amperage desired. The 
shunt switch is set to “heating.” The spiral and shunt 
resistance are again connected in the circuit and the 
shunt resistance adjusted to give the minimum am- 
perage desired. The amperage readings will then cor- 
respond to the maximum and minimum of the range 


wanted. 


rate is placed in the driving mechanism. 
reversing switch is set to “heating’ 


The proper gear to give the intended heating 
The motor- 
and the furnace 


Fig. 5. 


Front View of the Special Rheostat. 
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Fig. 6. Rear View of the Spiral Rheostat Showing Driving Mechanism. 


Thermocouples 


A thermocouple is used to determine the tempera- 
ture of the metal or alloy during heating or cooling. 
This is made from Leeds & Northrup iron-constantan 
No. 20 B. & S. gage bare wires, separately insulated 
with cotton sleeving and enclosed in a flexible copper 
tube. The end of the couple which is immersed in the 
liquid melt is protected by a Pyrex or silica tube. The 
portion of the thermocouple enclosed in the protecting 
tube is insulated with porcelain tubing. 

A special clamping device is used to hold the thermo- 
couple in a rigid position and to facilitate lowering or 
raising the thermocouple into or from the melt. This 
arrangement can be seen in Fig. 1. The thermocouple 
is connected to special binding posts on the outside of 
the recorder. <A special arrangement is also em- 
bodied in the thermocouple clamping device which en- 
ables a convenient change of the Pyrex or silica pro- 
tecting tubes. 
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U. S. Bureau of Standards’ samples of aluminum, 
zinc, lead, and tin are used to calibrate the couples. The 
standard samples are placed in special Acheson 
graphite crucibles which protect the samples from oxi- 
dation and contamination. Fig. 8 illustrates the spe- 
cial crucible. 

Recorder 


Temperature-time curves are automatically re- 
corded. The instrument used is a single point, two- 
range, Leeds & Northrup Micromax recorder, cali- 
brated for iron constantan thermocouples. It has 
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Fig. 7. Examples of Controlled Rates of Heating and Cooling Ob- 
tained with the Spiral Rheostat. 


automatic reference junction compensation so that no 
separate reference junction need be maintained. Cur- 
rent standardization is automatic every 45 min. which 
eliminates possible errors resulting from failure to 
standardize the potentiometer current. The instrument 
is standard with the exception of a special chart speed 
and the two-range feature. 

The double range permits thermal analyses from 0 
to 500 deg. C. and from 300 to 700 deg. C. by a simple 
switch arrangement. The chart temperature is printed 
in 5 deg. C. divisions and can easily be estimated to 
within + 1 deg. C. The chart speed is 12 in. per hr. 
which yields a curve of proper slope for legibility. 
The correct chart must, of course, be installed when 
the range is changed. 

The balancing mechanism operates at 30 r.p.m. 
which gives 30 adjustments per minute on the potentio- 
meter circuit. A separate switch was installed to open 
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the thermocouple circuit when the thermocouple is re- 
moved from the furnace. This prevents undue stress 
upon the galvanometer pointer. 

Special thermocouple binding posts were added to 
the instrument on the outside of the case to simplify 
the connection of the couple. The positive post has an 
iron washer connected with iron 
wire to the binding post inside 
the recorder case. This arrange- 
ment makes an iron-to-iron con- 
nection when the iron wire of the 
couple is connected to the ex- 
ternal post and eliminates errors 
due to differences in tempera- 
ture between the internal and ex- 
ternal posts. The negative post is 
treated in the same manner, using 
a constantan washer on the ex- 
ternal post connected with a con- 
stantan wire to the internal post, 
thus making a_constantan-to- 
constantan connection. The au- 
tomatic reference junction com- 
pensating coil is placed near the 
internal posts where it compen- 
sates for changes in temperature 
at this point. 
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Summary 











A self-recording apparatus for 
thermal analyses to be used in al- 
loy development work and pre- 
liminary theoretical “ investiga- 
tions has been designed and 
constructed. A_ sensitivity of 
+ 1 deg. C. has been obtained 
with heating or cooling rates ad- 
justable at about 1% to 2 deg. C. 
per min. 

The apparatus has a Nichrome 
heated furnace with the winding 
arranged to maintain a constant 
temperature area in the working 
zone. Three rheostats regulate 
the heating or cooling current. \ 
One of these is a motor-driven, 
spiral rheostat by means of 0 ! 
which the temperature is either Litt 

SCALE-INCHES 
raised or lowered through the _ ’ 
selected range at a predetermined Fi8- 8. Special or 
rate. The temperature is meas- tales I 
ured by means of an iron-con- | 
stantan couple and is recorded as 
a function of time directly in degrees centigrade ona 
Micromax recorder chart. 

The writers appreciate the kind assistance and help- 
ful criticism of C. F. Homewood and E. A. Ander- 
son in the development of the apparatus. Counsel with 
G. Edmunds during the preparation of the manuscript 
was especially valuable. 
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The Production of Iron in Norway 
Modern Progress in Electric Smelting 


By HERMAN CHRISTIANSEN 


Oslo, Norway 


Chattusil II, of Asia Minor, wrote to his son-in- 


| THE YEAR 1260 B. C., the Hittite King, 
law, Ramses II of Egypt: 

“With regard to pure iron, about which you write 
to me, there is at present no pure iron in my store at 
Kisvadna. The present time is not auspicious for 
making iron, but I have written about making pure 
iron. It is not yet ready; as soon as it is ready, I 
| send it to you. I send you hereby only a sword 


- of iron.” 
In other words, iron was at that time in practical 
use 1or weapons in Asia Minor, but not yet available 


to the nearest civilized peoples. Gradually the knowl- 
edge of this production found its way northwards. 
Abou. the year 1000 it had reached Central Europe 
and about the year 500 B. C. it came north. 


Quite naturally, the iron there, as everywhere else, 
was {or a long time looked upon as a fine and costly 
material to be used only for weapons. Many hundreds 
of years elapsed before it asserted itself as a new and 


exceedingly helpful material in agriculture, in the 
handicrafts and in all work. About the year 700 A. D. 
this development had reached its height, and thus 
there was introduced the greatest epoch in the history 
of Norway, the Age of the Vikings, lasting up to the 
flourishing period of the Middle Ages in the thir- 
teenth century. 


Bog Ore an Early Source of Iron 


It was from bog ore that the iron was made in 
ancient times and in the Middle Ages. Some attempts 
at mining were made around 1500 A. D. but it was 
not until the beginning of the seventeenth century that 
mining reached any importance. Bog ore consists of 
iron compounds washed out in the boggy soil and con- 
centrated in the stagnant water and thereafter re- 
duced to solid form as small lumps beneath the turf. 
Almost up to the present time, bog ore has been used 
for making iron in the country districts in Norway. 

The actual iron production was in the olden days 
a home industry—a part of the peasant’s regular farm 
work to satisfy his own or local requirements—and 
it was generally carried on in the autumn when the 
work in the fields was finished. As a source of heat, 


good dry wood was needed, preferably mixed with a 
little charcoal. 


An Ancient Furnace 


The “furnace” was not built up with masonry; it 
was dug down in the earth like a funnel-shaped hol- 
low, at the top perhaps one meter in diameter, at the 

ttom as a rule only 20 to 30 centimeters. The hollow 
Was lined with small slabs and then coated with a 
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thick layer of clay, making it appear like a deep 
kettle. The bellows were fastened in such a way that 
they inclined towards each other on both sides of the 
hollow. The pipe through which the air was to be 
blown was slightly cone-shaped in towards the kettle. 
When the kettle was half-filled with glowing charcoal, 
the dried and crushed ore was put in. It was put in 
in layers, alternately one layer of ore and one layer of 
charcoal. Then the blowing began by means of the 
bellows, the furnace mass sintered together and the 
iron was separated, the slag tapped away, and the iron 
was left in the kettle and taken out with tongs or a 
hook. 





General View of Top of a Spigerverk Electric Blast 
Furnace in Norway. 


The iron produced in this way was a soft wrought 
iron, of rather uneven quality, but very well suited for 
certain purposes. No doubt a steadily increased and 
extended use of iron in daily life has gone hand in 
hand with the increased production of iron. This was 
an exceedingly important factor in the economic life 
of Norway during the Viking Period and the Middle 
Ages. Norway was at that time self-sustaining with 
regard to iron, and perhaps more than that.. With the 
increasing consumption, bog iron was not only made 
for home use on the farms, but iron smelting was 
also carried on on a big scale by people who made it 
their livelihood. 

During Norway’s period of decline in the Middle 
Ages, in particular in the fourteenth and fifteenth 
centuries, the entire Norwegian social life passed 
through radical changes. Foreign money power ob- 
tained a dominating influence over the economic life 
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of the country, so that many of the national values 
disappeared or remained latent. So also the old iron 
production. The towns received their iron from 
abroad, and the bog 1 iron became reduced to only farm 
production for one’s own requirements in the country 
districts. 

However, in the sixteenth century there began to 
dawn again an interest in Norwegian iron, at the same 
time that the mining industry was introduced from the 
south. During the period of the Renaissance, all of 
the governments in Europe endeavored to exploit 
their national resources. The mining of metals was 
quite naturally the most conspicuous source of wealth. 

This movement did not break through in Norway 
until the beginning of the seventeenth century: The 
government strongly encouraged the seeking of ore 
deposits and the erection of smelting works. Through 
government favors, each works obti ined a certain area 
of the surrounding forest, from which it was entitled 
to obtain a supply of charcoal. The ore was smelted 
in blast furnaces, and the products were partly cast- 
ings and partly wrought iron in rods. 


Charcoal Blast Furnaces 


The time intervening between 1600 and 1850 A. D. 
represented the noontide of the charcoal blast furnaces 
in Norway. Seventeen iron works—all of them rather 
small—with 23 blast furnaces produced an especially 
high quality iron. The total Norwegian production of 
pig iron during these two and a half centuries 
amounted to about 1,333,000 tons, corresponding to an 
average of 5000 tons a year. (For comparison: The 
world’s steel production before the Wars of Napoleon 
was only a few tens of thousands of tons per annum. ) 
A large part of this was exported, and even today 
“Norway Iron” is used as the designation for a pure, 
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soft iron. As only a few thousand tons were ex- 
ported annually, it was its quality that made the Nor- 
wegian iron known. But no doubt Swedish iron also 
enjoyed the same designation in the olden days. 
Sweden’s iron industry has been highly developed 
and has played an important part as a supplier of iron 
to the rest of the world, in particular during the 
period of 1500 to 1870 A. D. And even now iron and 
steel production occupies a dominating place in the 
industry of Sweden. The’ designation, “Norway 
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Iron,” had undoubtedly been retained for all of the 
Swedish iron, after Norway in about 1850 had been 
eliminated as a competitor. 

The majority of the Norwegian iron works were 
situated in the forest abounding districts in the eastern 
part of the country, where the iron ore was found in 
the vicinity. In the winter time the charcoal was 
hauled from the forests on the snow, as was also the 
ore from the mines near Arendal, around Christiania 
(now Oslo), by Lake Mjosen and near Kongsvinger, 
The large and important deposits in the northern part 
of Norway were not known at that time. 


Competition from European Furnaces 


Retween 1850 and 1860 the great interregnum came 
in the Norwegian iron production, when the charcoal 
furnaces, one after the other, had to be shut down be- 
cause of competition with the large blast furnaces in 
Central Europe and England. The enormous technical 
progress following the Franco-Prussian War very ma- 
terially reduced the costs of production. Iron became 
so cheap that its field of employment by one stroke was 
increased tenfold, and in the course of 60 years a 
hundred fold. 

For Norway the sad result of this was that her 
small charcoal furnaces could no longer compete and 
she did not have the money to reconstruct the industry 
to meet the demands of the time. Contributing causes 
were also the fact that the then known Norwevian 
mines were smaller and less rich than the Swedish 
mines and the increasing difficulty in obtaining clar- 
coal within easy reach. 


Norway's Raw Materials 


However, shortly after the beginning of the new 


century, there again began to appear possibilitic for 


One Section of a Spiger- 
verk Furnace Showing 
Charging Arrangements. 


an iron industry in Norway, no longer based on char- 
coal, but on electricity produced by water power in 
which the country abounds. At the same time it had 
appeared from geological surveys in the western and 
northern part of Norway that the country had a num- 
ber of immense deposits of low grade iron ore neat 
the coast. The Sydvaranger and Dunderland fields are 
the most important, each of 100,000,000 tons of ore. 
The entire resources of iron ore of Norway are esti- 
mated at about 350,000,000 tons of crude ore with 
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30 to 36 per cent iron on the surface and at great 
depths many times this quantity. 

Moreover, rapid progress was taking place in the 
preparation of the ore, particularly by the electro- 
magnetic separation of the finely crushed magnetic 
iron ore. At Sydvaranger as well as at other mines, 
the operation is based on this method. 

Besides these iron ore deposits, Norway has also 
great quantities of another important raw material 
containing 40 to 50 per cent iron, namely pyrites. Not 
less than 10 per cent of the world’s supply of this 
valuable mineral is found in Norway. After removing 
the sulphur content by burning at the sulphuric acid 
and cellulose plants and leaching out the copper and 
other metals, a so-called “purple ore” is left—a good 
60 per cent iron ore which undoubtedly sooner or later 
will be important, particularly for iron works in the 
southern part of Norway. 

Finally, Norway has also enormous deposits of lime- 
stone, and she has charcoal, peat and coal—the coal 
from Spitzbergen—which, in the event that supplies 
from the outside should be blocked, will make the 
country self-sustaining also with regard to reducing 
materials. Norway is therefore now amply supplied 
with all raw materials required for its own iron and 
steel production. 


Experiments in Electric Smelting 
this basis, electric smelting has gradually over- 


co great obstacles. And the difficulties were not 
mae less because charcoal had to be replaced by coke 
as . means of reduction. Charcoal has become more 
anc more expensive along with the rapid development 
of .1e woodpulp industry, while coal and coke with 
the ower freights have become cheap and easily avail- 
abl. raw materials in all countries. 

1910 the first attempts were made at Tinfos with 
ele. ric iron smelting with coke. The experiments 
wer successful, and shortly after a similar furnace 


was erected at Ulefos. At about the same time, a 
Swecish furnace type, the so-called “Electrometal” 
furnace, was introduced in a new iron works in 


Hardanger. But this furnace had been designed for 
smelting with charcoal and proved unsuitable for 
coke. The Hardanger works were discontinued in 
19] 

This caused the electric smelting of iron to fall into 


discredit. However, the difficulty of procuring iron 
for the country during the World War caused the 
government to step in and take the initiative in.new 
experiments at Fiskaa Works based on plans worked 
out by the engineer, Georg Tysland. These experi- 
ments produced good results, and, also with the aid 
of the government, Christiania Spigerverk (nail 
works) then erected along these lines a furnace of 
6000 k.v.a., which was started in 1925. 

Changes and improvements have constantly been 
made later. First by the engineer Tysland and later by 
the engineer Hole of Christiania Spigerverk. They 
have succeeded in getting an evenly and quietly work- 
ing three-phase furnace for the smelting of iron ore 
with coke. The furnace is closed; it is equipped with 
a continuous Soderberg electrode, and the gas is 
sucked off and used in the furnaces of the rolling 
mills while the slag is used in asphalt for road paving 
and other things. The next big step was taken when 
a turnace of 9000 k.v.a. was built in Bremanger in 


1927. 


Electric Pig Iron as a By-Product 


Finally may be mentioned Prof. Harald Pedersen’s 
Process of cleansing by means of smelting the bauxite 
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for the manufacture of aluminum and producing as a 
by-product electric pig iron. Another interesting 
process may be mentioned, the method of “Norsk 
Steel” for gas reduction of iron ore without smelting, 
or low temperature reduction. 

Norway is now producing electric pig iron at three 
places in the country, at the Christiania Spigerverk 





Another View of the Charging Facilities of an Electric Pig Iron 
Furnace in Norway. 


with the first big Tysland-Hole furnace with an an- 
nual production of 12,000 to 13,000 tons; secondly, 
at the Bremanger Iron Works with a furnace of the 
same type with a capacity of 18,000 to 20,000 tons a 
year, and lastly, at the aluminum factory at Hoyanger, 
where by Prof. Pedersen’s slag reduction furnace 
there is produced 4,000 tons of electric pig iron as 
by-product. 

The Pedersen slag analyzes generally about as 
follows: 


Per Cent 
Dh ee Se eS ce 47 to 52 
RECA ER nb ae RR Le 30 to 40 
ENS ee ae lto 3 
SiO: 5 


J 


The by-product pig iron has approximately the fol 
lowing composition : 


Per Cent 

NR a ola aN T aie 2 Sa 4 to 4.5 
PS Eee Aas 0.4 to 0&8 
py eS ae 0.4 to 0.6 
ND oo aaicn 6 ons 0.20 
Vanadium ..... were: 6b 
I i en 0.20 
Peospnorus .......... 0.18 to 0.25 
eer None 


The pig iron which is made in Norway today is 
first and foremost a quality pig iron, namely, vanadium 
pig iron, hematite and low carbon pig iron for quality 
castings, of which an important part is for export. 

“Norway Iron” has again made a place for itself, 
both in its own country and abroad. The quality is 
the same high one that created the name 200 years 
ago, and the modern preparation of the ore, together 
with electric smelting, will again raise the production 
and give the country means to utilize its large iron 
ore deposits. 


Steel Output of Norway 


In steel production also Norway has made excellent 
progress. There is first and foremost the Stavanger 
Electro-Staalverk, which has made steady progress in 
quality steel, particularly alloy steel for the tool indus- 
try, and in recent years it has also been making rust- 
less iron and steel. This steelworks has manufactured 
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more than 1000 tons of rustless steel annually for 
home consumption and for export. 

Moreover, there may be mentioned the Christiania 
Spigerverk, which manufactures about 50,000 tons of 
electric steel annually, which in its own rolling mills 
is made into rails, skelp, bars, and steel for export. 
The production has mainly been sold in the domestic 
market but because of the high quality which Nor- 
way’s pure ores and the electric furnaces assure, the 
Spigerverk has in recent years exported a good deal 
of high grade steel. 
| In the electric reduction of iron ores the nature of 
the reducing agent is of the greatest importance. 

















Some of the Electrode Control Mechanism of a Spigerverk 
Electric Pig Iron Furnace in Norway. 


With charcoal the process goes smoothly, even in 
closed furnaces. The use of coke has been found to 
present difficulties. The experiments which were made 
in 1906-1908 in California and other places were 
probably the first ones in the field of electric iron 
smelting. To start with, the furnaces were open; 
later on they were closed (for the purpose of utilizing 
the gases). A number of furnace types were designed, 
some of which were never built. Of the furnaces built 
may be mentioned: The Heroult and Noble furnaces, 
the Helfenstein furnace, the Electrometal furnace and 
the Tinfos furnace. Most of them used charcoal, 
partly with some addition of coke. Of these types only 
the two last mentioned exist today. 


The Electrometal and Tinfos Furnaces 


The Electrometal furnace, which dates from 1908, 
is a charcoal furnace which can stand some addition 
of coke, at the expense, to be sure, of an increased 
consumption of power and electrodes and costs of 
repair. The gases are extracted from and _ utilized 
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outside of the furnace. The furnace is expensive to 
buy and to keep in repair and requires, as mentioned, 
charcoal as the principal reducing agent. It can manu- 
facture only iron of low silicon content, generally 
below 1 per cent Si. 

The Tinfos furnace dates from about 1910 and uses 
coke exclusively as a reducing agent. The furnace 
units cannot be made large and the furnace gases have 
not been utilized. The furnace manufactures gray 
iron of high silicon content. 

In cooperation with the Norwegian Government and 
“Det Norske Aktieselskap for Elektrokemisk Indus- 
tri’ the so-called Tysland furnace was started in 1925 
at Christiania Spigerverk. This furnace was based 
on experiences from the government’s experiments in 
iron smelting at Fiskaa. Some experience was gained 
with this furnace, which used coke and coke-dust ex- 
clusively as a reducing agent. Besides the use of coke 
instead of charcoal, the chief consideration for eco- 
nomic operation was that the gases could be extracted 
from the furnace and be utilized outside. However, 
this was not a success during the three years in which 
the furnace was running, nor could it work under par- 
ticularly high crater tensions. This type of furnace 
was therefore abandoned and it was superseded by the 
so-called “Spigerverk” furnace which has now been 
running for three years. 


The Spigerverk Furnace 


Up to the present time the principal difficulty, in 
the electric iron smelting with coke and the like as 
reducing agents, has been to attain a suitable ad just- 
ment of the electrode in the charge, so that the sink- 
ing becomes even, and an effective utilization o! the 
heat (cold gases) is obtained. This has been achieved 
in the “Spigerverk” furnace, which has the following 
advantages : 


oO 


1. The electrodes are kept deep down in the ch 
at the same time that the furnace is working at | 
crater tensions. Thus, the furnace units can be laige 
and the gases assume low temperatures as they give off 
their heat to the mix before leaving the furnace. 

2. By exclusive use of coke and coke-dust as a reduc- 


—- 
~ 


ing agent, a sulphur purification is attained which gives 
iron of charcoal quality. 
3. The utilization of the furnace gas is practically 


complete. The gases contain 80 to 90 per cent of com- 
bustible components. About 650 cubic meters of gases 
per ton of pig iron with a value of about 2600 cal. per 
cu. m. are obtained. 

4. The furnace can smelt mixes with an exceedingly 
high content of fine-grained components without caus- 
ing any irregularities in the working of the furnace. 

5. The furnace produces iron of the most different 
qualities, from pure white iron of very low silicon 
content to iron with 4 per cent silicon or more. At the 
same time the other components (manganese, etc.) 
may be varied as desired. There is not much differ- 
ence in the analyses from one tapping to another and 
thus it is easy to keep the desired components within 
comparatively’ narrow limits. 

6. The, furnace construction is simple and the furnace 
therefore cheap to buy. The costs of repair are very 
low. The arc is not exposed to heat strains as is the 
case with other closed furnaces. Interruption in the 
operations very rarely occurs. 


The power consumption of the furnace varies from 
2300 to 3000 kw. hr. per ton of pig iron, mainly de- 
pending on the silicon content of the pig iron. 

The Spigerverk furnace must be considered entirely 
tried out and it is today the only electric pig irom 
furnace which, by using cheap reducing agents (no 
charcoal), utilizes the gases and permits the manu- 
facture of any quality of iron. At the same time the 
furnace units can be made larger than has hitherto 
been possible for other furnace types. 
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SILVER-INDIUM 
ALLOYS 


Notes on the Aging of Silver-Rich Ones 


By TRACY C. JARRETT 


Assistant Metallurgist, American Optical Co., Southbridge, Mass. 


T IS THE OBJECT of this paper to present some 
of the characteristics of the silver rich-silver indium 
\lloys. In this investigation alloys of one, two and 
four percent indium were studied. The element in- 
dium, one of the more rare metals, is now for the first 
tim: being produced upon a commercial scale. This 
explains in part the lack of available technical data of 
its alloys, although some of the properties of the metal 

are |nown,? 
e alloys investigated were melted in graphite 


> 


crucibles in an induction furnace, and the melts were 
cas' in warm steel molds. To prevent the loss of 
indium, the silver was melted in one graphite crucible, 


then poured into another which contained the indium, 
aftcr which the alloy thus formed was remelted and 
cast. By this procedure the indium, coming in contact 
with the molten silver would melt and alloy with the 
silver before its oxidation could occur. From visual 
observations made during the melting of the silver- 
indium alloys, the melting point of silver appeared to 
be lowered by the presence of indium. 

By rolling the cast bars and rods, it was possible to 
reduce them 80 to 90 per cent without annealing. The 
specimens used in the aging tests were 1 x 1-2 x 1-8 in.; 
those used for the electrical conductivity were 0.125 in. 
in diameter. This wire was drawn through diamond 
dies to insure a uniform diameter of the test speci- 
mens. 

A Kelvin double bridge was used for making the 
electrical conductivity tests. This method is sufficiently 
accurate and sensitive to detect small changes in con- 
ductivity. 

_The composition of the alloys by weight which were 
given the age-hardening treatment is as follows: 


Alloy Indium Silver 
I. 1.0 99.0 
J. 2.0 98.0 
K. 4.0 96.0 


As events proved, the time and temperature of aging 
have little effect upon the change in hardness of any 
of the three compositions, previously made age-hard- 
enable by quenching from 700 deg. C. 

In Figs. 1 to 3, the effect of such aging is shown 
for four different aging temperatures for the three 
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compositions. One sees here that, after a period of 
some 200 hrs., there is a maximum change of about 
25 points “Rockwell E Scale.” In the quenched con- 
dition the hardness of alloys I and J was greater than 
that of alloy K. The change in hardness takes place 
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Fig. 4. Changes in Hardness upon Aging after Cold Working. 


more rapidly in alloy I than in alloys J and K. The 
final (200 hr.) hardness is about the same in all of the 
alloys after aging, although they had different hard- 
ness values after quenching. 

When the alloys were aged at room and at elevated 
temperatures after cold work, (Fig. 4) very little 
change occurs in the specimens aged at room tempera- 
tures, while those aged at a temperature of 300 deg. C. 
undergo a decided softening. This softening action at 
300 deg. C. is doubtless due to the recrystallatization 
of the cold worked material. It should be noticed that 
the hardness after cold work is greater than the maxi- 
mum hardness obtained by the aging of non-deformed 
material. The composition has a decided effect upon 
the hardness change in these alloys. The hardness of 
the alloys as quenched increases, going from zero to 
2 per cent indium, then drops below the hardness of 
pure silver when 4 per cent indium is present. 

The electrical conductivity of the quenched alloys 
is low as compared with pure silver, and as the indium 
content increases the conductivity decreases. (See Fig. 
8.) Figs. 5 to 8 show the effect of aging upon the con- 
ductivity of the quenched alloys. As shown in Figs. 
5, 6, 7 and 8 a temperature of 400 deg. C. is necessary 
before an appreciable increase occurs in any of the 


Fig. 5. Effect of Aging upon Conductivity for Alloy I. 
Fiz. 6. Effect of Aging upon Conductivity for Alloy J. 
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Fig. 7. Effect of Aging upon Conductivity for Alloy K. 


alloys. The change in per cent conductivity of alloy 
K aged at 400 deg. C. is somewhat greater than in the 
case of alloys I and J aged at this temperature. (See 
Fig. 8). 

Indium, if one is to judge from the photomicro- 
graphs of Figs. 9 to 13, appears to have a decided 
effect on the grain size of the alloy and on the number 
of twins present. In the quenched alloys I and J at 
100 diameters, Figs. 9 and 10, the grain size is very 
fine; while in the quenched alloy K, Fig. 13, the twin- 
ned grains are very large. It is possible the fine grains 
in alloys I and J are responsible in part at least for 


the greater quenched hardness of the alloys. There 
appeared to be little difference in the quenched anc the 
fully aged structures and for that reason the photo- 
micrographs of the aged alloys are not included. In 


the unetched condition it was impossible to detec the 
presence of a second phase. 

Note: The work described in this paper is part 
of a thesis presented in fulfillment of the requirer ents 
for the degree of Doctor of Science in metal) irgy 
from Harvard University. 
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Fig. 8. Effect of Composition upon Conductivity after Aging at 
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(Top Left) Structure of Alloy 1, Quenched from 700 deg. C. 
fication 100 diameters. Etched with solution of K.Cr.O; + 
H.SO,. 


(Bottom Left) Structure of Alloy J, Quenched from 700 deg. 
snification 100 diameters. Etched with solution of K:C.:0; + 
H.SO,. 


(Top Right) Structure of Alloy 1, Quenched from 700 deg. 
ienification 500 diameters. Etched with solution of KeCr.O; + 
H.SO,. 


(Right Center) Structure of Alloy J, Quenched from 700 
Magnification 500 diameters. Etched with solution of 
K.Cr.0; + H.SO,. 


(Bottom Right) Structure of Alloy K, Quenched from 700 


C. Magnification 100 diameters. Etched with solution of 
K.Cr.0; + H.SO.. 
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Unusual Dendrites in Sheet Steel 


By ALFRED BOYLES and M. L. SAMUELS 


Metallurgists, Battelle Memorial Institute, Columbus, Ohio 


URING THE EXAMINATION of some speci- 
Dd mens of commercial box annealed sheets a pe- 
culiar type of structure was noticed in samples 
showing abnormal grain growth. The material in 
question had the following analysis: 
j Mn ¥ S Si 
0.03 0.36 0.020 0.013 0.010 per cent 


It had been subjected to the usual sheet mill pro- 
cedure in which sheets rolled from breakdowns are 
given an annealing cycle of some 30 hours or more, 
the maximum temperature reached being about 1300 
deg. F. Material of this type normally contains no 
pearlite, the carbide present occurring in massive form 
at the grain boundaries. In the sheets under discus- 
sion, some of the grains were abnormally large, and 
in the central portion of such grains fine needle-like 
markings appeared after a light etch in 3 per cent 





Fig. 1. Needles in a Large Ferrite Grain. Etched with 3 per cent 
nitric acid. Magnification 100 diameters. 


alcoholic nitric acid. Fig. 1 shows a typical case. Such 
an appearance suggested iron nitride but analysis 
showed only 0.003 per cent nitrogen which is rather 
low even for a steel of this type. Upon continuing the 
etching to 20 seconds, some of the grains revealed 
definite tree-like formations such as those shown in 
Fig. 2. So unusual a structure led to a closer ex- 
amination. 


In Fig. 3 the central part of Fig. 2 is shown at a 
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higher magnification. Here four dendrites apparently 
occur, very definitely oriented with respect to one an- 
other and to the needles appearing in the same grain, 
Fig. 4 shows the same field with an additional 20 
seconds etching. Two of the dendrites of Fig. 3 are 
seen to be arms of ore large dendrite which has been 
uncovered by the etching attack. In Fig. 5, with 20 
seconds additional etching, two new dendrites have 
been partly uncovered, and in Fig. 6 with 20 seconds 
more etching, these are fully revealed and still other 
new dendrites have appeared. The original dendrites 
of Fig. 3 are completely etched away. Etching of this 
same grain was continued up to three minutes, at which 
stage the surface was too rough for further study. All 
the dendrites shown were dissolved by the etching 
solution, the average life being about one minu 

It was evident from these observations that the den- 
drites were arranged along planes nearly para lel to 


Fig. 2. Needles and Dendrites in a Large Ferrite Grain. Etched 
with 3 per cent nitric acid. Magnification 100 diameters. 


the plane of polish and that they were quite thin and 
flat, since the largest one was hidden by the amount of 
ferrite removed in 20 seconds etching. The definite 
geometric arrangement of the dendrites and needles 
suggested a relationship to the crystallographic planes 
of the iron. Assuming a random orientation of grains, 
the dendrites should be cut at all angles by a plane of 
polish. Some of them would be seen in cross section 
and, since they were known to be thin, it was natu 
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3. Details of Fig. 2. Etched 20 seconds. Magnification 
250 diameters. 
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to suspect that the needles and dendrites were identical. 

large number of coarse grained sheet specimens 
v examined by polishing the flat side of the sheet 
so as to get a larger polished area as well as the cross 
sec‘ion of the sheet. It was found that relatively few 
grains showed dendrites as nearly in the plane of 
polish as those in Fig. 2. Numerous grains were 
found in which the dendrites were cut at an angle such 
as ‘hat shown in Figure 7. Here the right hand side 
of the dendrite has been ground away in polishing 


wh le the left hand side is concealed under ferrite, as 
may be seen by comparing it to the tiny dendrite just 
to ‘he left. Most of the grains showed nothing but 
nec\les. It was further noted that in every grain 
showing dendrites nearly in the plant of polish, a defi- 
ni ingular relationship existed among the needles. 

an effort to establish the identity of dendrites 


and needles, some samples were prepared with two 
polished faces at right angles, one being the cross sec- 
tion of the sheet. Since it was a matter of chance, the 


Fig. 4. Same as Fig. 3. Etched 40 seconds. Magnification 
250 diameters. 
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Fig. 5. Same as Fig. 4. Etched 60 seconds. Magnification 
250 diameters. 


work was continued until a grain was found having 
dendrites nearly in the plane of polish on one face, and 
the section of the same grain at right angles was then 
studied. Fig. 8 is a drawing made from photographs 
of two such faces in a single grain. Section A ‘aie 
dendrites nearly in the plane of polish and needles 
lying in three directions as indicated. The dotted line 
XY marks the new section at 90 deg. to the plane of 
the paper. This new section B contains needles lying 
in six directions but no dendrites are present. Con- 
tinued etching failed to uncover any. 

The occurrence of six directions on a plane of 
polish suggested an arrangement along the planes of a 
dodecahedron, with the Miller Indices 110. A rhom- 
bic dodecahedron has been drawn beside Section A 
with one of its faces, A’ in the og of the paper. 
Dendrites lying along the faces 1, 2 and 3 would ap- 
pear as needles on Section A. Those on the remain- 
ing faces of the dodecahedron would appear as needles 
parallel to 1, 2 and 3. The dotted line X’Y’ indicates 


Fig. 6. Same as Fig. 5. Etched 80 seconds. Magnificzt'on 
250 diameters. 














the plane of Section B at 90 deg. In the lower view 
the crystal has been turned to bring the plane X’Y’ 
into the plane of the paper. Intersections of plane 
X’Y’ with the crystal faces are shown as dotted lines 
and these have been numbered to correspond to the 
six directions shown by the needles in Section B. The 
original face A’ is now on top. A dodecahedral ar- 
rangement seems to satisfy the conditions in this par- 
ticular grain. 

It remained to show definitely that a needle appear- 
ing in one polished face would become a dendrite 
when viewed from another angle. For this purpose 
the grain shown in Fig. 9 was selected. Referring to 
Section A in Fig. 8, it will be seen that face 3 of the 
dodecahedron is perpendicular to face A’, while faces 
1 and 2 form angles of 120 deg. with it. The acute 
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Fig. 7. Dendrite Cut at an Angle. Etched with 3 per cent nitric 
acid. Magnification 250 diameters. 





SECTION A 
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SECTION B 








Fig. 8. 


angle of the face A’ is about 70 deg. and 30 min, In 
Fig. 9 two sets of needles form an angle of about 73 
deg. as indicated. It was therefore assumed that the 
third set of needles was perpendicular to the plane of 
polish, and it was proposed to section the grain at an 
angle of 90 deg. parallel to and through the needle 
marked A. The actual section obtained is indicated 
by the dotted line in Fig. 9 which runs through the 
needle but is not quite parallel to it. 

Fig. 10 shows the same face as Fig. 9 after the new 
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Fig. 9. Grain Selected for Sectioning. Etched with 3 per cent nitric 
acid. Magnification 250 diameters. 


section had been cut and polished. The original sur- 
face has been marred somewhat in the process of 
mounting and polishing but enough features rema'n to 
establish the precise location of the new face. Fiv. 11 
is a view of the new 90-deg. section in which the 


Fig. 10. (Upper) Same Grain Shown in Fig. 9 after Cutti and 
Polishing a New Section at 90 Deg. Magnification 250 diam ters, 


Fig. 11. (Lower) View of New 90 Deg. Section Showing a D: :drite 
at A. Magnification 250 diameters. 
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needle A appears as a typical dendrite. Part of the 
dendrite is still covered by ferrite, due to its slight in- 
clination. The double arrow indicates the same point 
on both faces, as determined by micrometric measure- 
ments from the grain boundary. It is interesting to 
note that both faces of the grain show the same ar- 
rangement of needles. Needle B in Fig. 11 belongs to 
that family which appears as dendrites in the original 
section. 

From these observations it seems reasonably certain 
that the needles and the dendrites are one and the 
same thing. Examination at higher magnifications 
confirms this and shows why the needles appear so 
thick at low powers. In Fig. 12 the lower portion of 
Fig. 9 is shown under oblique illumination, the direc- 
tion of the light being from the top of the page. The 
objective is focused on the background and it is evi- 
dent that both dendrites and needles are standing in 
relief. Under vertical illumination the ridge D appears 
dead black as seen in Fig. 9. By raising the focal 
plane three microns, the top of the ridge comes into 
focus and along its center a thin black line is visible. 

his is the dendrite proper, perpendicular to the plane 
of polish. 

at such is the case may be seen by reference to 
Fig. 9 where D is shown to be parallel to A. The den- 
drites E and F, Fig. 10, are inclined 120 deg. to the 
plane of polish, and they also project above the general 
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Fig. 12. Focused on Background. Etched with nitric acid. 
Magnification 500 diameters. 


surface as shown at E in Fig. 13 and F in Fig. 14. The 
delicate lace-like structure of the dendrites is evident 
in these photographs. They also show why a certain 
depth of etching is required to reveal them in their 
entirety when they lie nearly in the plane of polish. 
It is necessary to remove a layer of ferrite the thick- 
ness of which depends on the inclination of the den- 
drite to the polished face. The dendrite is then left 
on top of a little plateau of iron. The probability of a 
dendrite being oriented to a given plane within the 
limits of its own thickness is small. For this reason 


dendrites have never been observed in unetched speci- 
mens, 


Method of Producing the Dendrites 


The Structures described so far were observed in 
commercial sheets which had been box annealed after 
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Fig. 13. Focal Plane Raised 3 Microns. Magnification 500 diameters. 


hot rolling. Apparently the dendrites are produced 
under conditions favoring excessive grain growth for 
they are not found in grains of normal size. The 
smallest grain in which they have been seen is about 
Q.02 in. in diameter. In mixed structures the larger 
grains may show them in abundance while the small 
grains in the same piece have none whatever. It was 
also noticed that the dendrites have a decided prefer- 
ence for the central part of the grains, as shown in 
Figs. 1 and 2. Besides conditions favoring germina- 
tion, a very slow cooling rate from the annealing tem- 
perature is necessary. No extended tests have been 
made on these conditions but a very simple method 
has been found for producing the dendrites for experi- 
mental study. Samples of sheet or sheet bar are 
heated to about 1850 deg. F. and cooled in air. They 
are then given a slow box anneal at about 1300 deg. F. 
after which treatment large grains and dendrites are 
tound. In sheet bar samples only the surface portion 
granulates but the dendrites produced are identical to 
those in the sheets. In this manner dendrites have 
been developed in steel from four different sources, 
widely distributed geographically. 


Fig. 14. Focal Plane Raised 5 Microns. Magnification 500 diameters. 
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Fig. 15. Temperatures at which Dendrites and Iron Nitride 
Plates Dissolve. 


The dendrites have been found abundantly in deox1- 
dized, semi-deoxidized and black sheets. This seems 
to indicate that the annealing atmosphere is not re- 
sponsible for the formation. In one case we produced 
typical dendrites in the laboratory in commercial 
sheets by a treatment simulating box annealing very 
closely. Some 22 ga. sheets were being purified in 
hydrogen for another purpose. The sheets were held 
at 1900 deg. F. for 72 hrs. in a hydrogen atmosphere 
and cooled to room temperature in 22 hrs. Upon ex- 
amination these sheets showed abnormally large grains 
and typical dendrites. An analysis was made showing 
the following results: 


me Pp Mn S O N 
0.02 0.020 0.13 0.040 0.0089 0.0088 per cent 


Ettorts to Identify the Dendrite Material 


It was natural to presume that the material was 
iron nitride, although dendrites of iron nitride in steel 
have not been described, and an analysis showed only 


Fig. 16. (After Koester). Indicating Where Dendrites Dissolved. 
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0.003 per cent nitrogen. First efforts at identifica- 
tion were along synthetic lines, that is, it was proposed 
to make up melts from electrolytic iron which would 
differ in content of nitrogen, oxygen and carbon and 
then to give these melts the treatment known to pro- 
duce dendrites. In this way the most likely substance 
was to be chosen. However, it was not found feasible 
in practice to produce melts sufficiently low in the ele- 
ments not wanted. For example, the ‘nitrogen free” 
melt contained 0.003 per cent nitrogen, which is equal 
tc the nitrogen content of the commercial sheets. Be- 
cause of such difficulties, efforts at synthesis were 
abandoned and attention was directed to other means 
of identification. 

(a) Solution on Reheating: It should be empha- 
sized that the dendrites are a phenomenon of alpha 
iron. They are formed in the temperature range be- 
low 1300 deg. F. The term “dendrite” is used in this 
connection to describe ‘‘a figure resembling a tree.” 
Dendritic freezing and dendritic segregation are in no 
way implied. If the material is precipitated in alpha 
iron during slow cooling, it should redissolve upon re- 
heating to some point below the box annealing tem- 
perature. Subsequent rapid cooling might prevent 
reprecipitation and the dendrites would thus disappear. 
The temperature at which solution would take place 
might be used as a clue to the identity of the material. 
Preliminary experiments showed that such was the 


case and indicated that cooling in air would be suf- 
ficiently rapid to prevent the reprecipitation of the 
material. 

Accordingly a series of tests were made in which 
samples of a sheet containing dendrites were heated 
in a vacuum in a small tube furnace. For purpos s of 
comparison a sample containing 0.10 per cent nitr gen, 
which showed large iron nitride plates, was treated 
at the same time. The specimens were polishe: and 
etched and the position of the dendrites and r tride 


plates noted before being placed in the furnace.  \fter 
holding for two hours at temperature, the furnace tube 
was pulled out and allowed to cool in air. The speci- 
mens were than lightly repolished and examined, after 
which the same set went back into the furnace for 
treatment at a higher temperature. Results of these 
tests are shown in the table. 


Table of Results of Reheating Tests 


Structure pre- Temp., Time, Structure 
Sample vious to treating Deg. F.* Hrs. after treatment 
0.10% nitrogen Numerous large 600 2 No chang: 
sample. Box iron nitride (315) 
annealed. plates. 800 2 Noticeable solution, 
(426) A few remnants of 
plates still present. 
850 2 Solution complete. 
(454) No trace of plates 
at high magnifica- 
tion. 
Sheet steel, Dendrites pres- 600 2 No change. 
box annealed ent in large (315) : 
0.003% nitrogen. quantities. (326) 2 No change. 
850 2 No change 
(454) 
900 2 No change 
(482) 
950 2 No change 
(510) 
1000 2 Possibly a few small 
(538) dendrites gone. 
Large dendrites still 
resent. ’ 
1050 2 Noticeable solution. 
(565) A few dendrites still 
resent. 
1100 2 No trace of den 
(595) drites found at high 
powers. Solution 
complete. 


* Deg. C. in parentheses. 


The nitride plates were entirely gone at 850 deg. F. 
while the dendrites were not completely dissolved un- 
til 1100 deg. F. was feached. In Fig. 15 the nitroge® 
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Fig. 17. Massin Dendrite Crossed by Polishing Scratches. Etched 
with 3 per cent nitric acid. Magnification 250 diameters. 


content of the sheet steel and of the comparison sample 
has been plotted against the solution temperature and 
it appears very unlikely that the dendrites are iron 


nitride. The data are in better agreement with the 
iron carbon diagram as shown in Fig. 16. Here the 
temperature of solution has been plotted against the 
total carbon content of the steel, some of which is 
known to be at the grain boundaries. Deducting the 
grain boundary carbide would shift the plotted point to 
the left or towards the region of solid solubility in 


alpha iron. 
Scratch Hardness and Etching Tests: 
The ‘ 1inness of the dendrites and their lace-like struc- 


ture makes scratch testing rather difficult. Those 
deve| ped in sheet bar by the treatment previously de- 
scribe’ are sometimes thicker and assume a more mas- 
sive iorm. Fig. 17 shows one of this type. In Fig. 
18 a massive dendrite is seen in cross section as a 
need! of appreciable thickness. Here scratch testing 


is entirely feasible and several scratches have been 
made across the needle. For comparison a scratch 
has been placed across the grain boundary carbide at 
B. The two seem to be equally hard. Fig. 19 shows 
the same spot after etching in hot alkaline sodium 
picrate. Both the needle and the grain boundary car- 
bide are blackened. Murikami’s Reagent gave simi- 
lar results and similar etching effects have been ob- 


Fig. 18. Diamond Scratch Test. Etched with 3 per cent nitric acid. 
Magnification 250 diameters. 
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tained on all massive dendrites tested. The thin lace- 
like dendrites do not appear so black when examined 
at low powers, due no doubt to their delicate open 
structure. 

(c). Heating and Quenching Experiments: The 
temperature of solut.cn on reheating together with the 
etching results indicated rather strongly that the den- 
drites were composed of iron carbide. As a further 
check some tests were made by heating samples rapidly 
through the transformation range followed by 
quenching. With rapid heating, a mass of iron car- 
bide in a matrix of iron should produce a local com- 
position gradient whose steepness would depend on the 
rate of diffusion. If this local area could be brought 
above its transformation temperature quickly enough 
and quenched, characteristic transformation § struc- 
tures might result. The simultaneous existence, after 
quenching, of such structures around grain boundary 
carbide and around dendrites within the grains would 
be very good evidence in favor of iron carbide as the 
dendrite material. It will readily be seen that with a 
small particle of carbide, such as that represented by a 
single dendrite, the heating would need to be very 
rapid indeed. This rapid heating was accomplished by 
taking a sample of sheet steel one inch square and 
thrusting one corner into a welding torch flame. As 
soon as the extreme edge started to fuse the sample 




















| ee 
~*~ ‘ e 7 
ws 
‘ 
seal Be 
7 i 
| ‘ ? 
a | ) ail 
we é af" Oe ; 




















Fig. 19. Same as Fig. 18 after Etching in Alkaline Sodium Picrate. 
Magnification 250 diameters. 


was dropped into water. The heating and cooling cycle 
thus occupied less than three seconds. Such a method 
produced a very steep temperature gradient near the 
corner of the sheet and at some point back from the 
fused zone conditions should be such that local trans- 
formation structures might exist as described. Fig. 20 
shows the effect on the grain boundary carbide in such 
a region. Before heating, massive carbide similar to 
that shown at B in Fig. 18 occupied the center of these 
dark areas. Fig. 21 is a view of part of a large grain 
in which the heating conditions were satisfactory. A 
temperature gradient existed across this grain, the 
hotter side being to the left. The dark areas near C 
resulted from grain boundary carbide exactly as in 
Fig. 20. The dark area A resulted from transforma- 
tion due to the material composing a dendrite. An- 
other dendrite B, towards the cooler side of the grain, 
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Fig. 20. Transformation Effect at Grain Boundary Carbide. Etched 
in 3 per cent nitric acid. Magnification 250 diameters. 


has been slightly affected. Dendrites to the right of 
B were found to be in their original state. 

Fig. 22 shows a detailed view of location A in Fig. 
21. Scratch testing indicates that the dark area is 
slightly harder than the surrounding metal. Similar 
structures were obtained in a number of samples 
treated in the same way. These results support the 
etching tests and indicate iron carbide as the den- 
drite material. 


Discussion 


HE writers wish to point out the fact that the 
observations so far made do not represent a com- 
pleted study. Many interesting points remain to be 
considered. For example, no dendrites have so far 
been found, after the proper mechanical and heat 
treatments, in sheets rolled from synthetic laboratory 
x1elts equivalent in composition to commercial sheets 
in so far as the elements usually determined are con- 
cerned. Whether or not this is due to the mechani- 


Fig. 21. Large Grain Reheated and Quenched. Etched with 3 per 
cent nitric acd. Magnification 100 diameters. 


a 








Fig. 22. Detail of Location A in Fig. 21. 
500 diameters. 


cal effects of greater reduction in commercial 
or to something else is not known. 

The relation of the dendrites, reported here 
aging phenomenon in low carbon steels sugges 
at once. The box annealing treatment involves 
ing so slow that certainly little or no supersa 
The process allows abundant time 
precipitation of any material which shows a de 
solubility with falling temperature. 

Nitrogen has practically been eliminated as 
bility in our opinion because the known iro! 
plates in a 0.10 per cent N steel were dissol\ 
slightly below 850 deg F. whereas the dendrit 
not dissolved until some temperature higher t! 
Since solution takes pla 
where around 1050 or 1100 deg. F. it may be 
conversely, that precipitation at least begins 
this temperature range upon cooling down 

(Continued on page 242) 


can exist. 


deg. F. was reached. 


Fig. 23. Small Dendrites Associated with a Grain Bound: 
Magnification 500 « 


Etched with 3 per cent nitric acid. 
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BERYLLIUM 
AND ITS ALLOYS—Il 





Cast Beryllium-Copper Alloys 


llium is replacing phosphorus in cast copper, 


sinc: it has a powerful affinity for oxygen, sulphur, 
and other metalloids, improving the grain structure 
of ive casting. Vacuum electric furnaces are recom- 
men‘ed for preparing the melt.*® Beryllium (0.01 to 
0.02°>) deoxidizes copper castings to give a smooth 
and ‘lawless grain, in addition to improving the elec- 


trice! conductivity’. The conductivity of the casting 
may be raised as much as 20 per cent by small amounts 
of beryllium, in addition to improved resistance to 
corrosion and erosion. Applications to pumps, liquid 
meters, and turbine blades are possible with this 
alloy . 

A detailed description of the foundry practice is 
given by E. F. Cone®*’. The melt of copper is deoxi- 
dized either by boron carbide, calcium, lithium, or 
magnesium, so that beryllium will not be wasted in 
ridding the melt of excess oxygen. To the bath of 
copper is added the correct proportion of the master 
alloy (usually 12.5% Be-Cu). The pouring is con- 
ducted at a temperature of 1040 to 1090 deg. C., with 
the bath covered with charcoal. Green sand molds 
are satisfactory, with the casting shrinkage much less 
than aluminum bronze and approximately equal to 
phosphor-bronze. Linear shrinkage has been about 
3/16 in. per ft. for the 2.5 per cent beryllium-copper. 
The castings have a rich, golden color, which enhances 
the final appearance, It is good practice to keep the 
casting at a temperature of 800 deg. C. for a couple 
of hours, if further fabrication is to be done, for in 
this state, the casting is in a soft annealed condition 
ed quenching. The castings are now susceptible to 
-. a if they are of the correct composition, 

utlined for the wrought beryllium-copper alloys. 
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A Correlated Abstract 
By JACK DELMONTE, Sc. M. 


East Lansdowne, Pa. 


Concluded from the August issue 


The castings should be properly supported during 
heat treatment, to prevent deformation. They should 
be heated in a non-oxidizing atmosphere if possible. 
Compared with steel, phosphor-bronze, and other high 
strength castings and materials, the electrical conduc- 
tivity is quite high. Some average properties of cast- 
ings are given in Table 7.° 


od 


Table 7.—Average Properties of Beryllium-Copper Castings 


Elastic Tensile 
limit, strength, Elongation, Hardness, 

Composition p.s.i. p.S.L. per cent Brinell 
As Cast: 

3, &  _ rr 42,600 61,800 7.0 110 

RO (Se 33,400 41,500 4.0 136 

0). So ae 44,800 60,500 10.0 120 
Annealed : 

Ro, ? ere 16,810 41,100 29.0 54 

hi 5) ” Sree 15,800 33,400 16.0 65 

te 22,500 40,000 12.0 110 
Heat-Treated at 

300°C,—3 hrs.: 

>» ee ee 39,000 71,100 3.0 119 

Th ee 86,200 110,000 1.0 375 

We Eee 95,600 117,000 1.0 415 


The cost of the master beryllium-copper alloys has 


been given as follows :*°,°, 
Lots to 10 Be. ...: o o° _ $6.25 
10-50 IDS. 2... cece ec ec reser ceeseseesecesesens 4.25 
PDO The.. cas» < chgabenana tink esWAnptns ées 3.81 


Miscellaneous Applications 


The possible applications of beryllium-copper are 
manifold and may be easily arrived at after a study 
of their properties. A few important ones have al- 
ready been given, as propeller hubs and watch mech- 
anisms. Electrical accessories offer the greatest possi- 
bilities such as contact clips, contact springs, telegraph 
relay parts, thermostat controls, instrument springs, 
relay parts, brush holder springs, etc., which require 
good conductivity, resiliency, and resistance to fa- 
tigue. Parts of this description are illustrated in Figs. 
8 and 9. Where good wearing qualities are desired, 
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Fig. 8. Typical Fuse 
Clip of Beryl- 
lium-Copper Alloy. 
(Courtesy of Amer- 
ican Brass Co.) 





accompanied by good electrical conductivity and a 
minimum of arcing and burning, beryllium-copper an- 
swers the purpose of commutator segments, switches, 
electrical contact surfaces, etc. Beryllium-copper 
springs may be easily soldered or brazed; typical 
springs are illustrated in Fig. 10. 

Worm gears of beryllium-copper have proven more 
satisfactory than steel on the shaft of a sewing ma- 
chine.5® They possess excellent wear qualities , high 
strength, and resistance to shock loads. On one tex- 
tile machine they showed no signs of wear after a 
service period of eight months, while its predecessor, 
bronze gears, had a ‘life of about four months.” 

Annealed beryllium-copper wires of small size may 
be woven into cloth and subsequently heat treated. 
The cloth becomes stiff and strong, with the tensile 
strength of the individual strands greatly raised. 

Henry Ford is reported as using the alloy in breaker 
points on his cars. Because of its high resistance to 
impact, beryllium-copper is also used as firing pins in 
firearms*?,®*!, Ordinary pins of alloy steel did not last 
more than 33 min. in an accelerated test, while beryl- 
lium-copper stood up 7 hrs. 

Valve parts, line valves in petroleum industry (be- 
cause of excellent corrosion resistance in this applica- 
tion), chilled rifle bar nuts for rock drills, worm driv- 
ing gears for jaw riveting machines, and boat propel- 
lers are other uses of beryllium-copper®®’. 

Non-sparking tools of every description have been 
manufactured from beryllium- copper. The property 
of non-sparking is of value in paint shops, powder 
factories, gas works, petroleum wells, refineries, or at 
other places where exist serious fire hazards.?! * ac a 
Though not as durable as steel tools of similar design 
and size, beryllium-copper tools are remarkable in 
their sparkless characteristics. It has been found that 
wrought beryllium-copper is better for tools than the 
cast alloy®*. In sharpening the tools, care must be ob- 
served not to overheat the tools and draw the temper. 

Further attention is called to the beryllium-copper- 
cobalt alloys.5* In combining strength and conductiv- 
ity, this group of alloys is able to withstand a great 
deal of heat without losing the temper. Applications 
that have been undertaken are: Springs for mechanical 
and electrical loads where there is excessive heat; 
welding electrodes to carry high current under heavy 
mechanical pressure; soldering iron tips; and pole 
shaders, where conductivity and fatigue strength are 
required at elevated temperatures. 


The list of applications is growing: Handles for 
surgical instruments that can be easily chromium- 
plated ; non-magnetic characteristics utilized in instru- 
ments ;** etc. These applications emphasize the fact 


240 





that beryllium-copper alloys are of major consequence, 


with a promising future. 


Beryllium Steels 


Though beryllium steels have not achieved the suc- 
cess which the beryllium-copper alloys have, it is ad- 
visable to outline the previous research on these steels 
in an effort to furnish some clues for future work. 
Particularly outstanding in this work has been W, 
Kroll, consulting metallurgist, Siemens & Halske, Ger- 
many. Binary beryllium-i iron alloy with 1.2 per cent 
beryllium, age hi irdens very slightly ; but with 3.9 per 
cent beryllium the alloy age hz irdens to 370 Brinell!® 
However, they are quite brittle and unsatisfactory. 
The brittleness that accompanies a number of beryl- 
lium steels prompted pessimistic comments from the 
research department of English Steel Corp., Ltd., and 
Messrs. Thos. Firth and John Brown, Ltd.®*. They 
reported that beryllium additions to steel were of little 
or no use to the group of metals in the manufacture 
of special steels. In addition, a beryllium-steel was re- 
ported to be unsatisfactory as a bearing metal® be- 
cause it was too fragile. 

W. Kroll points out that the addition of nickel 
binary beryllium-steels is of distinct advantage, inso- 
far as the grain size is modified. Beryllium additions 
to nickel-free steels result in brittle alloys. At least 
5 per cent nickel to 1 per cent beryllium is necessary 


for a fine grain structure. Even in the presence of 
adequate nickel the hardening properties of beryl!:um 
do not better those of carbon, and the nickel-s' els 


respond better to carbon. There have been poor re- 
sults with the addition of beryllium to 18 and 8 stiin- 
less steels, as far as corrosion resistance is conce: ied. 
The influence of beryllium in the presence of ca: bon 
is unsatisfactory in such steels. Nevertheless, the one 
redeeming feature is the fact that the chromium-nickel 
stainless steels have had the hardness increased t: 680 
Brinell on the addition of beryllium®. In Table & are 
given a few of the outstanding beryllium steels and 
their characteristics, together with the source of infor- 
mation : 


Fig. 9. Electrical Terminal Lugs and Miscellaneous Parts of Seryl- 
lium-Copper Alloys. (Courtesy of American Brass Co. 
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Table 8.—Beryllium Steels 


Composition Characteristics ; Reference 

cm, Ni, 1.1% Be, 12% Cr Fe 680 Brinell, good corrosion 65 

¢ resistance 

144% Ni, 1% Be Fe.....:-- Similar to invar steels, low 13 

, susceptibility to oxidation 
after aging 

1% Cr, 5% Ni, 1% Be Fe Temper of high speed steel 43 
ead after aging ; 

18% Cr, 8% Ni, 1% Be Fe Precipitation hardening 66 


Beryllium brings about age-hardening in carbon- 
free iron. This may be more easily recognized by re- 
ferring to Fig. 11, which graphically illustrates the 
effect of age-hardening on binary beryllium steel. The 
beryllium steels are hardened as effectively as carbon 
steels by a comparatively low temperature treatment. 
The magnetic properties of ternary and quaternary 
beryllium steels are improved by heat treatment. In 
the case of quaternary Fe-Ni-Cr-Be, the presence of 
chromium enhances the effect of nickel. 

[t is possible to roll iron with a high sulphur con- 
tent after the addition of beryllium, and yet have the 
sulphur content of the sheet well beyond the red-short 








Fig 10. Typical Springs of Beryllium-Copper. (Courtesy of 
American Brass Co.) 


limi n®’, A strip with 0.76 per cent sulphur and 
0.53 cent beryllium has been rolled without flaws 
and edge cracks. There is a chemical reaction between 
the beryllium and the sulphur to form beryllium sul- 
phide, which may be removed as slag from the melt 
and reprocessed to recover the beryllium. To insure 
that all the beryllium may react with the steel, the 


steel should be carefully deoxidized. When the beryl- 
lium sulphide content is low, it is distributed through- 
out the melt as “inclusions.” Beryllium is recognized 
as one of the most powerful de-oxidizing and de- 
sulphurizing agents for use with steels. 


Alloys of Beryllium with Nickel and Silver 

_The alloys of beryllium and silver have been inves- 
tigated in Great Britain and the United tates. Recog- 
nizing the affinity of beryllium for sulphur, investiga- 
tors have hoped to develop tarnish proof silver for 
silverware. An early patent to Cooper stated that 3 
to 9 per cent Be in silver rendered silver immune to 
the action of sulphur compounds. Sloman tries to 
achieve the same with a smaller amount of beryllium, 
and was granted a patent governing the use of up to 
| per cent Be with silver®, The British Institute of 
Metals, before which Sloman addressed his paper, 
urged that further work be conducted along this line 
of investigation. 


Beryllium-nickel alloys show great promise inas- 
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Fig. 11. Age Hardening of Binary lron-Beryllium Alloys. 
(Siemens-Konzern). 


much as they respond as readily to heat treatment and 
age-hardening as do the copper-beryllium alloys. The 
physical properties may be improved by quenching at 
1000 to 1100 deg. C., and reheating to 450 deg. C.'*. 
The tensile strengths are as follows: Soft annealed, 
115,000 lbs. per sq. in.; heat-treated from soft state, 
176,000 Ibs. per sq. in.; hard-rolled, 219,000 lbs. per 
sq. in.; and heat treated from hard rolled, 259,000 Ibs. 
per sq. in.*8, In the last condition there is an elonga- 
tion of 8 per cent. 

Balance wheels of watches have been successfully 
built of beryllium-nickel and have proved feasible.® 
Beryllium is recommended for deoxidizing nickel cast 
ings.4°, | 


Beryllium Contracid 


A German alloy of the composition 0.6 Be, 60 Ni, 
15 Cr, 7 per cent Mo, and the remainder Fe, has ex- 
hibited some useful properties. It is quenched in wa- 
ter or oil from a temperature of 1050 deg. C., and 
heat treated at about 400 deg. C. after hard rolling.*® 


Fig. 12. Group of Sparkless Working Tools. (Courtesy of 
Ampco Metal Co., Inc., Milwaukee). 
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It has satisfactorily been applied to time pieces.*® 
This alloy is more popularly known by the name of 
“Contracid.” 


Beryllium-Aluminum 


Beryllium (2.5% )—Aluminum alloy has been re- 
ported as possessing good strength and good corrosion 
resistance; while as much as 7 per cent Be raises 
the tensile strength to 100,000 Ibs. per sq. in.?° How- 
ever, beryllium-aluminum alloys have not come up to 
expectation in physical properties, though there has 
been no difficulty in preparing castings of any compo- 
sition. Efforts to improve aluminum alloys of 5 per 
cent copper, by the addition of small amounts of beryl- 
lium, show negative results with no apparent effect on 
the physical properties.’* 

Two United States patents for “ac? eg aluminum 
alloys are noted® Beryllium (55-70% aluminum 
(25 to 40%), and Mn, Mo, V, or oe (0.5-2.5%), 
U. S. Patent No. 1,905,312 specified the use of the 
alloy for pistons. For airplane construction, the U. S. 
Patent No. 1,924,168, calls for beryllium (25-40%), 
aluminum (55-70%), and max. Mo 2 per cent. In 
both of these examples the extreme lightness is the 
outstanding feature of the alloy. This point has been 
emphasized by others, who claim that beryllium-alum- 





inum alloys may prove a decisive factor in national 
defense; as airplanes having one-fourth the weight 
and yet the strength of steel may be built®’. 


Be-Mg and Be-Si Alloys 


It has not been possible to prepare an alloy of the 
Be-Mg type, as the magnesium boils before the melting 
point of beryllium is reached, and beryllium does not 
dissolve in liquid magnesium. 

Beryllium-silicon alloys are very hard and unusu- 
ally brittle. They have been investigated by Masing 
and Dahl'*. The composition of the eutectic in the 
constitutional diagram is 39 per cent beryllium and 61 
per cent silicon at 1095 deg. 

In conclusion, the author wishes to emphasize the 
fact that an attempt has been made to bring out the 
salient features of the metallurgical processes of beryl- 
lium and beryllium alloys. Considerable progress has 
been made since industry has taken this metal under 
its wing, and the future holds promise for increased 
applications and new discoveries of useful properties, 
The author acknowledges, with thanks, the kindness 

C. H. Davis and Mr. Silliman of the American 
Brass Co., in reviewing the paper, and offering com- 
ments. 
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maximum box annealing temperature. The hydrogen- 
purified sheets showed an abundance of dendrites and 
yet contained only 0.0088 per cent nitrogen whereas 
the solubility of nitrogen at 1050 deg. F., the tem- 
perature at which precipitation must start, is close to 
one-half of one per cent. 

The precipitation of an iron-oxygen compound along 
the slip planes of the ferrite crystals as explained in a 
recent paper by Davenport and Bain’, should not be 
overlooked. In strain aging, of course, the urge to 
precipitate is supplied by cold working. The iron- 
oxygen diagram shows decreasing solubility with a 
lowering of the temperature, and hence, some precipi- 
tation might take place during the box annealing cycle. 
In this connection it should be mentioned that all 
sheets so far examined have been from basic open- 
hearth rimmed steel which is known to be high in 
oxygen content. It is thought however, that the ele- 
vation of the dendrites after ordinary etching, their 
color, hardness, and local reaction upon heating 
rapidly through the transformation range eliminates 
such a compound from consideration. 

The evidence indicating that the dendrites are com- 


posed of iron carbide seems quite conclusive. lt should 
be mentioned that Whiteley? in 1927 reporied the 
precipitation of cementite along certain planes in fer- 
rite grains; see his Figs. 10 and 11. His cooling rate 
was probably too rapid to induce precipitation on the 
scale found in box annealed material. A few instances 
have been observed in which small dendrites occur 
right in the grain boundaries. Fig. 23 shows such an 
example. It has previously been mentioned that free 
iron carbide was known to exist in the grain boun- 
daries after box annealing. 

We would not be justified i in assuming that the den- 
drites are idiomorphic crystals of cementite. It is 
more likely that they represent a compromise between 
the natural habit of cementite and the restrictions im- 
posed by precipitation along certain planes in ferrite 
crystals. No complete crystallographic investigation 
of the large ferrite grains has been undertaken. 
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